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A 40-L recirculating rotifer turbidostat (RRT) pilot system consisting of a rotifer 
reactor, biofilter, foam fractionator, feed container, harvester, and two air-lift pumps was 
designed to produce B. rotundiformis, a small (S-type) rotifer, that is increasingly 
demanded for production of small-gape marine finfish larvae. The system’s automatic 
monitoring (turbidity, pH, conductivity and temperature) and controlling (turbidity, pH, 
feeding and harvesting) were performed by a Rugid™ computer. A 4 (temperature) x 3 
(salinity) study indicated that a 30oC/15 ppt treatment is the most favorable to the growth 
of B. rotundiformis. Under these conditions, the effect of harvest rate on rotifer system 
productivity was investigated with a feed ration of 1.3x105 cells Nannochloropsis oculata 
rot-1 d-1. Three 33-40 d pilot trials (mean stocking density: 742-946 rot mL-1) showed 
significant improvements in the daily rotifer harvest (1.68, 3.70 to 5.89 million rot d-1) 
and system volumetric productivity (0.09, 0.20 to 0.32 million rot L-1 d-1) with the 
increasing rotifer harvest rate (0.12, 0.21 to 0.37 d-1). Pilot trials demonstrated that the 
designed system functions in ammonia removal (mean TAN < 0.15 mg N L-1), 
foam/solids reduction, continuous harvesting, pH controlling (pH ≥ 8.0), and culture 
stability. 
The Monod constants for B. rotundiformis fed N. oculata were determined using 
non-linear regression and Lineweaver-Burk plots. A linear equation between µmax and 
harvest rate (H, 0.12-0.37 d-1) was introduced to modify the Monod equation. A 
mechanistic model was developed for the designed RRT system and solved using 
STELLA®. The RRT model was calibrated with three datasets. The economic analyses 
were compared between 40-L and up-scaling 1-m3 systems at 103 rot mL-1 stocking level. 
 xiv
The production cost for one million rotifers was reduced from $3.01 to $0.70 for this 
volume up-scaling. It lowers to $0.14 for further five-time density up-scaling. Model 
simulations indicated a harvest rate of 0.35 d-1 for a stable rotifer production under the 
Pilot Trial 3 scenario, although 0.60-1.10 d-1 could achieve the maximum productivity. 




INTRODUCTION AND LITERATURE REVIEW 
 
INTRODUCTION 
Mariculture plays an important role in the overall world aquaculture industry. But 
its expansion in many sectors is hindered by a larviculture bottleneck. In 2002, world 
aquaculture production of fish, crustaceans and mollusks reached 39.8 million tonnes by 
weight (US$ 53.8 billion by value) (Vannuccini 2004). The share of marine fish cultured 
amounted to about 15.9 million tonnes, showing a 4.5% increase over 2001 (Vannuccini 
2004). After almost four decades of marine fish culture, however, the production of most 
marine fish species still relies on live-food technology for the first three weeks to one 
month (Lubzens et al. 2001, Aragão et al. 2004, Olsen 2004). 
Rotifers (Brachionus) are one of a few first food organisms that could potentially 
be produced regularly in captive systems at an acceptable cost (i.e., Lubzens 1987, 
Sorgeloos et al. 1986, Lubzens et al. 2001, Lee 2003, Olsen 2004). Regarded as an 
adequate first food source, rotifers have advantages such as relative slow motility, 
nutritional manipulation ease, high density culture potential, and/or as a bio-capsule or 
vehicle for transferring therapeutic agents to fish larvae (Verpraet et al. 1992, Lubzens et 
al. 2001). In the United States, commercial production relies on one commercial entity 
(Reed Mariculture Company, Campbell, CA, USA), which supplies only L-type rotifer 
(Brachionus plicatilis) products. However, smaller size rotifers (B. rotundiformis, S- and 
SS- type) are increasingly being used for new, small-gape, economically important 
marine finfish species (Hagiwara et al. 2001, Lubzens et al. 2001, Lubzens and Zmora 
2003, Olsen 2004). Thus far, however, no S-type rotifers are commercially available in 
the United States’ market. The possible reasons could be the difference of physiological 
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needs and characteristics such as the size between L- and S-type rotifers, which makes 
the culture of B. plicatilis relatively easier than that of B. rotundiformis. Comparatively, B. 
plicatilis may also be easier to culture because they prefer low temperatures and thus 
better water quality can be maintained. At lower temperatures, there is higher oxygen 
saturation and less risk of micro-zooplankton contamination, and it is possible to take 
preventive measures to avoid the complete loss of B. plicatilis cultures as it takes longer 
for a culture to collapse (Lubzens and Zmora 2003). Hence, a standard system design 
specific to the S-type rotifers (i.e., linking to its physiological needs and characteristics) 
is needed in the United States.  
Rotifer culture methods mainly consist of batch, semi-continuous and continuous 
culture techniques (including the “thinning method,” “feedback cultures,” chemostats, 
turbidostats, etc.) (Walz 1993a, Lubzens et al. 2001). When compared to batch culture 
methods (Yoshimura et al. 1996), semi-continuous (Navarro and Yúfera 1998a, 1998b, 
Suantika et al. 2000) and continuous culture methods (i.e., James and Abu-Rezeq 1989a, 
1989b, Walz 1993b, Fu et al. 1997, Walz et al. 1997, Santander 1999), operated as either 
a chemostat or turbidostat, are considered more promising and reliable (i.e., Dhert et al. 
2001, Lubzens et al. 2001, Lubzens and Zmora 2003).  
Stable culture conditions are key to achieving efficient mass production of rotifers. 
Sexual reproduction (mictic) and parthenogenesis (diploid females produce diploid 
amictic eggs) are two reproductive means for monogonont rotifer species (e.g., 
Brachionus sp.). The latter is assumed as a more rapid clonal propagation means, and can 
be expected to be dominant in rotifer production. Under favorable conditions, the rotifer 
population increases through diploid parthenogenesis (Lubzens and Zmora 2003). 
Although the mechanisms are not fully understood, laboratory studies indicate that those 
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two reproductive methods alternate, and the relative rates of mictic and amictic 
production can be adjusted in response to some cues such as nutrition, population density, 
salinity and genetic factors contributing to initiating meiosis in diploid mictic females 
(Pourriot and Snell 1983, Serra and King 1999, Ricci 2001). Thus, favorable culture 
conditions and their effective control are crucial to effective rotifer production.  
Rotifer culture stability and longevity in commercial production systems have 
been elusive due to inhibitory/limiting factors and, in the worst scenario, culture 
“crashes” (i.e., Yoshimura et al. 1995, Dierckens 2005). Unstable temperature and 
salinity, low pH (due to rotifer respiration and decaying feed), accumulation of solids 
(including fine solids forming foams and rotifer excretions), contaminating organisms, 
lack of concentrated microalgal feed, dissolved oxygen shortage, and ammonia 
accumulation (Yoshimura et al. 1992, 1994, 1995, 1996a) are considered major limiting 
factors. Some of these issues have been partially resolved with recent technical advances 
(e.g., the availability of algal paste and pure oxygen) and system design improvements 
(i.e., Fu et al. 1997, Suantika et al. 2003, Yoshimura et al. 2003, Bentley et al. 2005). 
Ammonia build-up and severe foaming are still prominent inhibitory factors that require 
better, innovative solutions.  
The stability and predictability of rotifer cultures are problematic even under 
optimal culture conditions (Yu and Hirayama 1986, Candreva et al. 1996, Walz et al. 
1997, Hagiwara et al. 2001). The Monod model and its mathematical derivatives have 
been applied to describe rotifer population dynamics in both chemostat and turbidostat 
systems (Boraas 1983, Boraas and Bennett 1988, Walz et al. 1993c and 1997, McNair et 
al. 1998). Modified Monod-based models specific to rotifer turbidostats may be used to 
forecast rotifer productivity and to determine optimal operational parameters by 
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simulations at different operational scenarios and to help or provide insight for design 
(Santander 1999). 
Production cost is one of the major concerns for the commercialization of rotifer 
culture systems (Suantika et al. 2003). The rotifer production economics are associated 
with system design, production scale and degree of system automation. A 73% reduction 
(US$0.15 to $0.04 per million rotifers) can be expected in rotifer production costs when 
rotifer systems are up-scaled from 1 to 4 billion rotifers per day (Lubzens et al. 1997). 
Additionally, a system design with computer automation greatly reduces the labor costs, 
although the initial system investment is higher (Lubzens et al. 1997).  
GOALS AND OBJECTIVES OF RESEARCH 
It is critical to fully link the physiological needs and characteristics of the rotifers 
to the engineering design, to minimize the inhibitory/limiting factors associated with 
rotifer cultures, and to integrate the key components to make the rotifer system function 
efficiently. The goal of this project is to develop an automated, continuous and 
cost-effective rotifer (Brachionus rotundiformis, S-type) mass production system and to 
establish a rotifer productivity criterion. The specific objectives of this dissertation are to:  
1) Determine the growth characteristics for B. rotundiformis under various salinity and 
temperature combinations; 
2) Determine the growth kinetics of B. rotundiformis fed Nannochloropsis oculata at an 
optimal combination of temperature and salinity; 
3) Design and construct a continuous turbidostat culture system for B. rotundiformis; 
4) Evaluate the robustness and determine the productivity potential of the pilot-scale 
rotifer turbidostat system; 
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5) Develop a mechanistic model that incorporates microalgal/rotifer production with 
associated costs as a design and management tool.  
LITERATURE REVIEW 
The literature review examines the significance of rotifers, the life cycle of 
rotifers, rotifer culture problems, current culture methods, rotifer water quality 
requirements, rotifer feeding and nutrition, contamination organisms, rotifer model 
predictions, economic and technical constraints, and the future prospects of rotifer 
culture.  
Significance 
The rotifer Brachionus (mainly B. plicatilis) is used globally for larviculture of a 
large number of marine fish species and crustaceans (Table 1.1) raised in captivity 
(Yoshimura et al. 1996, Fu et al. 1997, Lubzens et al. 2001). At least 20 species of marine 
finfish have been reared experimentally, mainly for stock enhancement programs in the 
United States (Lee and Ostrowski 2001). In some commercial hatcheries, several billion 
rotifers may be required each day for rearing marine fish larvae (Lubzens et al. 1997, 
2001). With the increasing need for very small live food to feed small gaped larvae (e.g., 
some grouper species) (Hagiwara et al. 2001, Lubzens et al. 2001), smaller size 
rotifers--B. rotundiformis of “S-type” (loric length between 100-210 µm, average 160 µm) 
and “SS- type” (less than 100 µm), instead of B. plicatilis (“L-type”, 130-340 µm, 
average 239 µm), are increasingly in demand (Yoshimura et al. 2003, Cheng et al. 2004, 
Bentley et al. 2005). 
Life Cycle of Rotifer Brachionus 
Monogonont species (e.g. Brachionus spp.) can reproduce either by 
parthenogenesis or through sexual reproduction (Lubzens and Zmora 2003), which  
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TABLE 1.1 A partial list of species of marine finfish and crustaceans presently 
produced using rotifers as starter feed  
 
Species Name of species References 
yellow tail (Seriola quinqueradiata) Lubzens et al. (2001), 
Takeuchi (2001) 
turbot (Scophthalmus maximus) 
grey mullet (Mugil cephalus) 
pufferfish (Fugo rubripes) 
red sea bream (Pagrus major) 
gilthead seabream (Sparus aurata) 
European seabass (Dicentrarchus labrax) 
FAO (1998),  
 
Lubzens et al. (2001), and 
 
Lubzens and Zmora 
(2003) 
Asian seabass (Lates calcarifer) FAO (1998), Marte (2003)
haddock (Melanogrammus aeglefinus) Rideout et al. (2005) 
humback grouper (Cromileptes altivelis) Marte (2003) 
grouper (Epinephelus coiodes, E. 
malabaricus & E. fuscoguttatus) 
Marte (2003) and 
Hagiwara et al. (2001) 
milkfish (Chanos chanos) Marte (2003) 
red drum (Sciaenops ocellatus) Lee (1997) 











Japanese flounder (Paralichthys olivaceus) Takeuchi (2001) 
   
Penaeid shrimp Samocha et al. (1989) Crustaceans 
mud crab (Scylla serra) Marte (2003), Keenan and 
Blackshaw (1999) 
Others sea horse (Hippocampus spp.) Marte (2003) 
alternate under some cues (Pourriot and Snell 1983, Serra and King 1999, Ricci 2001) 
(Figure 1.1). Most rotifer populations in nature are comprised of diploid females, with 
cyclic parthenogenesis the dominant form of reproduction. There are two types of 
morphologically indistinguishable diploid females (2n), amictic and mictic. 
Parthenogenically, amictic females (2n) produce diploid amictic eggs (2n) that develop 
into females (2n) mitotically, while mictic females (2n) produce haploid eggs (n) via 
meiosis (Lubzens and Zmora 2003), although the cues initiating meiosis are still not fully 
understood. Parthenogenically-formed diploid or haploid eggs will develop immediately 
into embryos and hatch (Lubzens and Zmora 2003). The haploid eggs (n) could have two 
kinds of fates. If the mictic female does not mate, and thus is not fertilized, the haploid 
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eggs will develop into males (n). 
However, if a mictic female (2n) 
mates with a male and the eggs are 
fertilized (i.e., zygotes, 2n), they will 
form diploid resting eggs 
(subitaneous eggs or cysts, 2n), 
which are resistant to unfavorable 
conditions (Figure 1.1). Under 
favorable conditions, resting eggs 
will hatch and develop into amictic 
females (2n) after a dormant period 
(Hagiwara 1996, Lubzens et al. 2001, 
Lubzens and Zmora 2003). The 
resting egg (the product of sexual reproduction and genetic recombination) is the 
life-cycle stage having the greatest capacity to be dispersed in both time and space.  
 
Figure 1.1 Schematic explanations of sexual 
and asexual cycles of reproduction of rotifer 
Brachionus (from Lubzens and Zmora 2003) 
Rotifer Culture Problems  
There are some major factors inhibiting or limiting the propagation of rotifers 
(Table 1.2). With the commercialization of microalgal production (i.e. Reed Mariculture 
in Campbell, CA, USA; Innovative Aquaculture Products LTD in Canada), a supply of 
pure oxygen, and the partial resolution of the ammonia toxicity problems (e.g., 
decreasing pH by adding HCl and applying chemicals), some gains have been made in 
the development of semi-/continuous rotifer culture systems (i.e., Fu et al. 1997, Suantika 
et al. 2003, Yoshimura et al. 2003, Bentley et al. 2005). However, rotifer culture 
“crashes” are still common (Dierckens 2005). Generally speaking, current problems 
    7
Table 1.2 Postulated causes of sudden rotifer culture “crashes” 
(Modified from Fulks and Main 1991) 
 
Problems Postulated causes References 
Water quality Meragelman et al. (1985) *
Accumulation of waste products Hirayama (1987) *, Hirata (1980) *
Un-ionized ammonia Yu & Hirayama (1986) *
Declining water temperatures Kitajima et al. (1981), Kitajima (1983) 
(Both were cited in Yu & Hirata 1986), 
Fushimi (1989) *
Temperature fluctuations (in the 
spring and autumn) 







Oxygen Dierckens (2005)  
__________________________________________________________________________________






Dierckens (2005)  
__________________________________________________________________________________
Mictic reproduction Meragelman et al. (1985) *, (Snell 1987) *
Fatal diseases (due to specific 




Parasite infestation Zmora (1991) (Cited in Lubzens et al. 
1997) 








Dierckens (2005)  
__________________________________________________________________________________
Others Freshwater 
 Season related 
Dierckens (2005) 
*Cited in Fulks and Main (1991). 
associated with rotifer mass cultures are still numerous. First, not much effort has been 
made in the genetic selection of faster growing rotifer species or strains that are suitable 
for local culture conditions (Hagiwara et al. 1995, Lubzens and Zmora 2003). Second, 
current inadequate environmental controls result in bad water and culture quality. This 
includes 1)  difficulty in effectively removing/reducing toxic ammonia and nitrite 
build-ups (Dhert et al. 2001); 2) difficulty of producing clean and high quality rotifer 
products (free of floccules and safe from a microbial point of view); 3) excessive foam 
formation, which could result in 10% of tank volume and a 50% loss of rotifer biomass 
(Yoshimura et al. 1997); and 4) increasing viscosity of the culture water, which results in 
lower oxygen exchange and reduced rotifer feeding (Dhert et al. 2001). Third, there are 
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some feeding-related problems, i.e., proper feeding rations and feeding frequencies. The 
difficulty in maintaining a proper balance between adequate amounts of feed and 
degradation of water quality from over-feeding (Hoff and Snell 2001), as well as low 
feeding frequency, could also affect the quality of culture rotifers (Olsen 2004). Fourth, 
there are some difficulties in managing and harvesting large rotifer populations in a 
relatively short time (Yoshimura et al. 1997). Fifth, the unpredictability of rotifer mass 
production, rotifer population dynamics (Suantika et al. 2000) and the instability or 
collapse in high density rotifer cultures (Hagiwara et al. 2001) remain even under optimal 
temperature, salinity and diet conditions (Maeda and Hino 1991, Hagiwara et al. 1995, 
Jung et al. 1997, Hagiwara et al. 2001). These issues force hatcheries to keep several 
simultaneous cultures and back up cultures to provide enough feed for their fish larvae 
(Candreva et al. 1996), which adds to production costs. Sixth, quantification of rotifers 
still relies on labor-intensive manual counts. 
Rotifer Culture Methods 
Three rotifer culture methods (batch, semi-continuous and continuous) are often 
used. A comparison between batch and continuous culture methods is given in Table 1.3. 
Examples of applying these culture methods are listed in Table 1.4.  
Batch cultures, historically, were harvested upon reaching densities of 200-500 rot 
mL-1. Overall, the disadvantages of batch cultures include high labor requirements, low 
population density and culture instability (metabolic end products eventually build up and 
result in density decline and culture collapse) (Hirata 1980). With the advent of 
condensed microalgal pastes, new high density batch culture methods have been 
established, which can result in final rotifer densities higher than 20,000 mL-1 
(Yoshimura et al., 1996). With several degrees of mechanization and automation, an  
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Table 1.3 Comparison between batch and continuous rotifer culture methods 
 
Culture methods  Characteristics 
Batch Continuous Reference 
_______________________________________________________________________________
System simplicity Relatively simple Integrated/complicated  
System housing space 
requirement 
Mostly large Reduced/compacted  
System mechanization  Less/low degree Mostly high degree  
System reliability  Relatively low Relatively high  
Labor-intensive Yes No 
Rotifer culture density Low to High High 
Technical skills requirement Relatively low Relatively high, 
skilled technician 
required 
Culture conditions Unstable/unpredictable Relatively stable 
Rotifer nutrition and quality  Relatively instable Relatively stable 
Continuous supply of rotifers No Yes 
Fu et al. 
(1997) 
 





Harvest strategy Counts/observation Chemostat/turbidostat  
Harvest methods Harvest all at once Continuous harvest  
Initial facility investment Relatively low Relatively high  
System efficiency/sustainable 
volumetric productivity 
Relatively low Relatively high  
    
   
Hirata (1980) developed the “feedback culture method,” in which the solid wastes 
are separated from the culture reactor and serve as the fertilizer for microalgal cultures. 
However, with a long culture period (e.g., 30 d), other microorganisms could enter the
Semi-continuous cultures have been termed the “thinning method” (Fukusho 
1989a, 1989b). This culture technique relies on the periodic (usually daily) harvesting of 
rotifers by removing part of the culture medium and replacing it with new media (Hirata 
1980). The volume removed and replaced with new seawater and nutrients is dependent 
on the rotifer density within the culture. Both open and closed designs of semi-continuous 
cultures have been applied (Pirt 1975, Webster 1983, Boraas 1993b). 
intensive ultra-high density (up to 1.6x105 rot mL-1) rotifer batch culture system has been 
reported (Yoshimura et al. 2003), but unstable water quality (high total ammonia nitrogen 
accumulation, foaming, dissolved oxygen, etc.) was a prominent problem. 
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Table 1.4 Summary of rotifer (B. plicatilis and B. rotundiformis) culture techniques recently reported 
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 1-5 22-23 2-5   Baker’s yeast (3-5) 100% at Day 4-5 Lubzens et al. (1997)*
S-type    
  
  
     
 
 
   
     
 
 
     
  
 
1 > 25 1-3x102  100% Yoshimura et al. (1996,1997a)*, 





5.39 (total) 100% at Day 5 Yoshimura et al. (2003) 
0.5 27-32 1-2 0.15 (total)S-type 

















 Yeast + Algamac 
2000 ®











- 3  22-24(17) 3-5  0.6 Yeast (daily)+algae   












Yeast + algae - 
 
 
Lubzens et al. (1997) 
- 3-30 1-3 Baker’s yeast 20% d-1 Hirata (1980), Fukusho (1989), 
Lubzens et al. (1997)*
200 18-25 0.31 1.74 Chlorella - Yoshida (1989) **
0.100 
  
25 (25) 30-80 0.03-0.06
 
 CSH**** 20% d-1 Suantika et al. (2000, 2001) 
 
L-type 
 1 30-70 1.7-2.2 CSH**** 26-61% d-1 Suantika et al. (2003) 
 L-, S-type 
 
10  27-32 3  1.5-2.0 Chlorella Yoshida (1989)**
L-type 0.001 25(18) 2.22-10.3 (16.8±0.37
mg L
 Dried  




















0.190 28(16-24) 30.0-52.9 0.11-0.17
d-1
N. oculata ~23-32% Bentley et al. (2005) 
0.100 30 (20) 33-60 0.28C*****
 
S-type 
1  40-60  2.1 
Concentrated 
Chlorella vulgaris 
60-70% d-1 Fu et al. (1997) 
      11
     12
     
*Citied in Lubzens and Zmora (2003); **Cited in Fulks and Mains (1991); *** “N/A” indicates “Not Available”; **** “CSH “ indicates “Culture Selco High”; 
***** “C” indicates “Continuous culture”; SC” indicates “Semi-continuous culture”.  
L-type 0.500 24 (20) 11-22 0.17 25% d-1 Fu et al. (1997) 
S-type    
      
  
     
   
  
      
   











   Abu-Rezq et al. (1997) 
1 2.3x102 2.1 30% d-1 Dhert et al. (2001)  
0.100 25 (30) N/A 0.032 60% d-1  S-type 
1  N/A 0.261
“Nanno” & 
Chlorella - 
James and Abu-Rezeq (1989a) 
S-type 1
 










(30) N/A 0.19±0.04 + Baker’s yeast 
“Nanno”  
60% d-1
James and Abu-Rezeq (1989b) 
(Table 1.4 Continued) 
 
 
reactors and compete with the rotifers for food (Hagiwara et al. 1997). Similarly, 
Suantika et al. (2000) utilized high density recirculating systems for B. plicatilis by using 
artificial diets (Selco™) instead of concentrated algal suspensions. The system consisted 
of a 100-L rotifer (B. plicatilis) culture tank, a settlement tank for suspended particulate 
matter, a protein skimmer and a biofilter. Rotifer cultures were initiated at a density of 
approximately 250 rot mL-1, with the later densities reaching 3000 rot mL-1 after 8 d of 
culture and being maintained at about this level for over 1 month. Navarro and Yúfera 
(1998a, 1998b) described a culture system of Brachionus plicatilis and B. rotundiformis 
using dried Nannochloropsis oculata powder as the feed source. In this system, rotifers 
were cultured in 1-L flasks, with gentle aeration in a thermoregulated chamber at 25oC, at 
18 ppt salinity and under 2500 Lux of continuous illumination. They were fed daily with 
25 mg dried N. oculata powder and adopted at varying dilution rates from 0.1 to 0.6 d-1 to 
investigate the best production. The average conversion efficiencies were 0.76 and 0.30 
mg rot mg-1 algae for B. plicatilis and B. rotundiformis, respectively. 
Continuous cultures for rotifer production are not so common. These cultures are 
based on either chemostat or turbidostat models of microorganisms and are partially or 
fully controlled (temperature, pH, oxygen supply and density of cultured organisms) and 
highly dependable (i.e., James and Abu-Rezeq 1989a, Walz 1993b, Fu et al. 1997, Walz 
et al. 1997, Santander 1999). These continuous cultures offer easier manipulation of 
rotifer physiological and nutritional quality. The log-phase rotifers can be harvested 
continuously/continually, and their nutritional quality is maintained by providing 
adequate food organisms (James and Abu-Rezeq 1989a, 1989b, 1990). Turbidostats have 
some advantages over chemostats. Turbidostats can be safely operated at higher dilution 
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rates (Bennett and Boraas 1993, Walz et al. 1997); thus a steady and higher growth rate 
of a rotifer population may be achieved and maintained (Bennett and Boraas 1988). 
Turbidostats, combined with system automation techniques, may contribute to a 
reduction in costs and production risks in long-term system operations (Olsen 2004), 
although there may be some challenges in their movement from the laboratory toward the 
“real world” (Walz et al. 1997).  
For instance, Fu et al. (1997) described a high-density continuous rotifer culture 
(over 104 rot mL-1) using the concentrated freshwater Chlorella, but a further evaluation 
of this system will need some important water quality data (e.g., TAN). Similar systems 
described by Aoki and Hino (1996) and Hino et al. (1997) can result in reduced labor 
costs, but the initial cost exceeds that of more conventional installations, and these 
systems depend on a constant supply of concentrated algae as well. Furthermore, pure 
oxygen supply can be a limiting factor for high density rotifer culture. Without a 
supplement of pure oxygen, densities at 103 rot mL-1 could be the upper limit for a safe 
and stable rotifer system operation (Suantika et al. 2003, Olsen 2004). 
Water Quality and Other Culture Conditions in Rotifer Systems 
Stable, optimal water quality is the key to the successful mass production of 
rotifers. The general rotifer culture conditions (physical and chemical parameters, feeding 
ration/regimes) and physiological parameters for B. plicatilis and B. rotundiformis are 
listed in Table 1.5. 
pH and Alkalinity: pH plays an important role in affecting the ratio of toxic 
molecular ammonia to ionized ammonia (Yoshimura et al. 2003). The optimal pH range 
for culturing rotifers is 7.5-8.5 (Hirano 1987). However, the pH in rotifer culture systems 
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 Table 1.5 General culture conditions and physiological parameters for B. plicatilis (or B. 
rotundiformis, “S”) (Modified from Fulks and Main 1991) 
 
Parameter (unit) Range Optimal References 
 
Physical and Chemical Parameters 
 
21-25 
Hirayama and Kusano (1972)*
Theilacker and McMaster (1971)**





28-35 (S***) Snell and Carrillo (1984) *
1-97 10-20 Lubzens (1987) *Salinity (ppt) 
1-60 10-20, 
20 (S), 30 
Hoff and Snell (2001) 
James and Abu Rezeq (1990) 
Dissolved oxygen (mgL-1) > 4 2-7 Fukusho (1989) **
5-10 5-9 Fukuso (1989) **pH 
 7.5-8.5 Furukawa and Hidaka (1973) **
TAN (mg N L-1) 6-10 - Covers et al. (1990) **
Light (x103 Lux) 2-5 2 Hoff and Snell (2001) 
 
Feed Ration/Regimes (Temperature Dependent) 
 1.0-1.5x105 Fushimi (1989) *Nannochloropsis oculata 
(cells rot-1 d-1)  2.88x105 Maruyama (1986) *
Dunaliella (cells mL-1)  106
Chlorella (cells mL-1)  1.5x106
Pourriot (1990) **
Tetraselmis suecica (cells mL-1)  5x105 Covers et al. (1990) *
Baker’s yeast (mg rot-1 d-1)  0.4-1.2  Foscarini (1988),  
Covers et al. (1990) **
Baker’s yeast (g (106 rot) -1 d-1)  0.1-0.9  Hoff and Snell (2001) 
Vitamin B12 (µg mL-1) 1.4  Hirayama and Satuito (1991) **
Culture SelcoTM (CS, g) / 
Culture Selco High (CSH, g) 
 
CS = 0.0168 D0.415 V 
CSH = 0.035 D0.415 V 
Where: D = rotifer density 
(rot mL-1) 
   V = culture volume (L)
Suantika et al. (2000) 
Suantika et al. (2001, 2003) 
 
Physiological Parameters 
Ammonia excretion rates (µg 
NH4-N hr-1 ind.-1) 
1.41±0.87x10-4
Urea excretion rates 
(µg urea-N hr-1 ind.-1) 
1.17±1.31 
Phosphate excretion rates 
(µg PO4-P hr -1 ind. -1) 
2.7±2.9x10-5





(cited in Lubzens 1987)**
7.07 (20 oC, S***), 10.04 
(25 oC), 16.48 (30 oC) 
 
Fukusho (1989)**
Oxygen consumption rate 
(10-5 mL O2 d-1 ind. -1) 
2.4-16.8 Hirata & Yamasaki (1987)**
* Cited in Hoff and Snell (2001). 
** Cited in Fulks and Main (1991). 
*** “S” indicates “S-type”, i.e., “B. rotundiformis”. 
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tends to decrease mainly due to the organic acid production from decay and respiration 
processes, provided there is no pH adjustment. Although intentionally low pH has been 
applied to partially and temporarily detoxify molecular ammonia in rotifer cultures 
(Yoshimura et al. 2003), a stable and favorable pH in culture water is more beneficial to a 
stable rotifer culture. Moreover, a stable pH above 8.0 could be favorable for biofilter 
nitrification (Malone et al. 1998), foam fractionation (Timmons et al. 2001) and possibly 
rotifer survival while feeding to marine finfish larvae (Hoff and Snell 2001). To maintain 
a relatively stable pH level in culture water, alkalinity should be considered and 
maintained, i.e., a well-buffered bicarbonate-carbonate or bicarbonate-borate system 
(Timmons et al. 2001) should be utilized. Additionally, an alkalinity above 120 mg 
CaCO3 L-1 has been suggested to be favorable for nitrification in seawater biofilter 
systems (Timmons et al. 2001). Thus, alkalinity in water should be adjusted to 
compensate for the alkalinity consumption in such a system due to the nitrification 
process. 
Temperature and Salinity: Salinity and temperature influence rotifer reproduction 
and growth (Miracle and Serra 1989, Liao et al. 1991, Olsen 2004). Generally, B. 
plicatilis is a euryhaline, low-temperature species, while B. rotundiformis (S-type) is 
adapted to high temperatures and low salinities, and contrarily B. rotundiformis (SS-type) 
to high-temperature, high-salinity conditions (Lubzens and Zmora 2003). The effects of 
temperature and salinity on rotifer reproduction and growth were detailed as follows:  
Temperature strongly influences the rotifer reproductive rate, and different rotifer 
species may have different temperature optimums (Hirayama 1990). The temperature 
range for B. rotundiformis growth is between 20 and 35oC. Below 18oC, egg deposition 
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ceases. At 40oC, B. rotundiformis populations are largely unstable with a high growth rate, 
but produce many nonviable eggs (Yúfera et al. 1997). The optimal growth temperature 
ranges for B. rotundiformis and B. plicatilis are 28-35oC and 18-25oC, respectively (Hoff 
and Snell 2001, Yúfera et al., 1997). Rumengan and Hirayama (1990) found that the 
difference in the growth response to temperatures of 17, 24 and 34oC between B. 
plicatilis (“L-type”) and B. rotundiformis (“S-type”) was not from the propagation pattern, 
but in the net reproduction rate (Hirayama and Rumengan 1993). Yoshimura et al. (1994a) 
found that the B. rotundiformis (S-type rotifer) population growth rate increased as the 
culture temperature increased (24, 28 and 32oC). However, during the high density 
cultivation, there were no differences in the maximum population density of B. 
rotundiformis in the above temperature treatment experiments (Yoshimura et al. 1994a). 
Salinity has a marked effect on rotifer production in mass cultures. B. plicatilis 
can tolerate 1-97 ppt salinity, but reproduction can only take place at salinities below 35 
ppt (Lubzens 1987). However, best growth occurs at intermediate salinities between 
10-20 ppt (Hoff and Snell 2001). Lubzens et al. (1985) observed a salinity dependent 
mictic response of B. plicatilis cultured in the 2 to 4 ppt salinity range and divided those 
B. plicatilis into three categories by mixis levels (no mixis, low and high mictic levels). 
However, less information is available for B. rotundiformis. 
Total Ammonia Nitrogen (TAN): Due to ammonia accumulation in rotifer 
cultures and the toxicity of molecular ammonia, some ammonia limits and ammonia 
removal measures have been suggested (Hoff and Snell 2001, Olsen 2004, Bentley et al. 
2005). TAN accumulation in high density rotifer cultures is common, and up to 20 mg N 
L-1 or higher is easily reached when no efficient ammonia removal measures are taken. 
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To avoid TAN production from decaying surplus feed, cylindrical- and conical-shaped 
tanks should be used and have been used to allow efficient settling and the easy removal 
of organic wastes from the bottom during intensive feeding, although other types of 
concrete or glass-fiber tanks of various shapes and sizes have been used in commercial 
hatcheries (Olsen 2004). For rotifer cultures, a molecular ammonia level not exceeding 1 
mg NH3-N L-1 is suggested, and TAN and nitrate levels of 6-10 mg N L-1 have been 
assumed as the acceptable ranges (Hoff and Snell 2001). Some chemicals such as 
ChlorAm-XTM (an alkali metal formaldehydebisulfite, Bentley et al. 2005) have been 
applied to control ammonia, but do not appear promising. Recently, a membrane filter 
was also used in the operation of an ultra-high-density (2x104-1.59x105 rot mL-1) B. 
rotundiformis culture system (Yoshimura et al. 2003), but the disadvantages (e.g., quick 
build up of TAN to 240-330 mg L-1 in four days and the labor required for filter cleaning) 
are obvious. More promising, a three-week investigation indicated that the application of 
a submerged biofilter (3-8 mm gravel filter) resulted in a relatively low and stable TAN 
(< 1 mg L-1) in a high-density rotifer culture system (Suantika et al. 2003), although 
further improvements/modifications are needed to adapt it to different rotifer culture 
purposes and to demonstrate the culture longevity.  
Dissolved Oxygen (DO): Adequate DO supply is important to a successful rotifer 
culture, and the DO supply (aeration) methods can be numerous (Fulks and Main 1991, 
Olsen 2004). A dissolved oxygen level above 4 mg L-1 was suggested for rotifer cultures 
(Fulks and Main 1991). To ensure a satisfactory oxygen supply to cultures, adequate 
aeration and gentle mixing are normally provided using perforated polyvinyl chloride 
(PVC) tubes, air-stones or small-diameter open-ended tubes. Although mostly applied in 
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recirculating aquaculture systems (Timmons et al. 2001), aeration with air-lift pumps 
holds promise for rotifer culture systems due to their multiple functions such as aeration 
and water delivery. Supplementary pure oxygen through perforated tubes is strongly 
recommended for high-density (e.g. > 103 rot mL-1) rotifer cultures. Although more 
costly, a higher rotifer productivity could be achieved (Olsen 2004) by using pure oxygen 
injections instead of the common aeration practice of using air compressors.  
Light: Direct illumination or exposure to sunlight may encourage uncontrolled 
growth of some filamentous algal species that are not consumed by rotifers, which may 
lead to increased pollution of the culture media (Lubzens and Zmora 2003). 
Physiologically speaking, there is no need to illuminate rotifer cultures. In practice, 
however, most facilities are exposed to either natural or artificial lighting (Lubzens and 
Zmora 2003). 
Foams: Ugly foams in culture tanks affect both rotifer growth (rotifer suspension 
and catchment in foams and fine solids attached to foams) and aesthetics. Foam 
fractionators have been applied to rotifer culture systems (Suantika et al. 2000, 2001, 
2003), but there are some difficulties in separating feed particles (e.g., algae) and rotifers 
from foams, which results in higher feed costs and production losses. 
Rotifer Feeding Techniques 
Rotifers serve as “living capsules” (i.e., most of the nutritional value of rotifers 
comes from their gut contents, partially digested and highly concentrated phytoplankton, 
yeast and bacteria, not from their own tissues), providing the nutrients required by the 
cultured marine fish larvae for proper development (Lubzens and Zmora 2003). Those 
dietary nutrients mainly include highly unsaturated fatty acids (HUFA), eicosapentaenoic 
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acid (EPA, 20: 5n-3), and docosahexaenoic acid (DHA, 22: 6n-3) (Watanabe 1993). Thus, 
the nutritional quality of rotifer feed sources indirectly determines the nutrition of fish 
larvae being fed.  
Different microalgal forms (live microalgae, dry microalgae, frozen microalgae 
and paste feeds), yeast and yeast-based feeds (such as Culture Selco®) have been used as 
marine rotifer feed (Hoff and Snell 2001). The biochemical analysis of rotifers revealed 
that HUFAs are not present in sufficient quantities in yeast-fed rotifers (Watanabe et al. 
1983), but Nannochloropsis oculata (2-5 µm in size, containing 30% EPA, Liao et al. 
2001) and Isochrysis galbana (12% or 10 mg g-1 DW DHA, Su et al. 1997) have a high 
content of the essential fatty acids EPA and DHA and are considered excellent 
microalgae for viable and predictable rotifer culture and enrichment. It is technically 
possible to produce rotifers of high nutritional value through different enrichment 
methods with microalgae, oil emulsions, vitamins, proteins, and formulated diets (Dhert 
et al. 2001, Lubzens et al. 2001). Recently, freshwater Chlorella enriched with vitamin 
B12, DHA and vitamin C have been very successful for rotifer culture (i.e., Hagiwara et 
al., 2001). King et al. (2002) reported that Selenastrum capricornutum (freshwater) could 
sustain the growth of B. plicatilis, indicating the potential of this species as a food source 
of rotifer culture. Additionally, the effects of rotifer culture “self-cleaning” could be 
achieved due to the relatively bigger cell size of S. capricornutum, than that of Chlorella. 
This was demonstrated with the green alga Tetraselmis spp. Many micro-zooplankton 
species that contaminate rotifer cultures cannot ingest the large Tetraselmis cells very 
efficiently and will probably be out-competed by rotifers after the change in food source 
(Olsen 2004). It is a common belief that even a moderate use of microalgae will 
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contribute to better rotifer health and viability, and thereby reduce risks (Olsen 2004). 
Considering the high production costs of microalgal products, some producers use 
microalgae as a component of the diet (1-5%), normally together with formulated diets or 
live baker’s yeast (Olsen 2004). 
Aside from the nutritional value of the feed, another cultivation issue is the 
disparity between feed supply and consumption (Olsen 2004). Rotifers may occasionally 
be either over-fed or starved, and the sudden changes in the specific feed ration (SFR) 
could result in severe mortality. Sudden SFR decreases will often result in reduced 
viability and increased population mortality; however, sudden SFR increases to levels 
above the maximum consumption capacity of the rotifers may cause very unfavorable 
hygienic conditions and harmful invasions of micro-zooplankton in the cultures (Olsen 
2004). To avoid the above problems, continuous feeding must balance the feed supply 
with rotifer consumption. To maximize rotifer production and to reduce the feed cost and 
water quality deterioration, the quantification of the optimal feeding frequency/ration for 
specific rotifers is necessary. 
Bacteria and Other Contaminant Organisms in the Culture Tanks 
Bacteria in rotifer culture tanks have both positive and negative effects on rotifer 
growth. Several bacterial species are beneficial to rotifer growth and culture stability, 
since they produce important metabolites such as vitamin B12 (i.e.,Yu et al. 1988 and 
1989, Hino 1993) and act as an indirect source of food (Aoki and Hino 1996, Hino et al. 
1997). Probiotics (microbial cells that are administered in such a way as to enter the 
gastrointestinal tract where they remain alive, with the aim of improving health), such as 
lactic acid bacteria and Bacillus sp. spores that were introduced into the culture medium 
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of rotifers, increased rotifer production and growth of turbot larvae (Gatesoupe 1991, 
1993). However, some opportunistic bacteria such as Vibrio spp. are pathogenic to fish 
when introduced to fish larvae tanks with cultured rotifers (Skjermo and Vadstein 1999). 
Other contaminant organisms (e.g., ciliates, copepods and cladocerans) may 
compete with the rotifers for food and should be reduced or removed. Ciliates could 
secrete growth-inhibiting substances into the water and retard rotifer culture growth, 
besides competing for the bacteria and yeast-based food (Hoff and Snell 2001). 
Rotifer Growth Rate and Rotifer Population Models 
Rotifer Growth Rate: To calculate the rotifer net growth rate (NGR, d-1), the 
routine practice is to make a daily count of the number of rotifers and the number of eggs 
they carry in a 1 mL sample, calculating the increased daily increment (Lubzens and 
Zmora 2003). NGRs of rotifers are salinity- and temperature-dependent and species 
specific.  NGRs for B. plicatilis and B. rotundiformis usually range from 0.23 to 1.15 d-1 
and 0.54 to 1.37 d-1, respectively (Hirayama et al. 1979, Lubzens et al. 1989 and 1995, 
Hagiwara et al. 1995, Hansen et al. 1997, Lubzens and Zmora 2003). 
Rotifer Population Models: Models can define the experimental design and 
theoretical interpretation for both field and laboratory work (Boraas 1993a). Modified 
Monod models have been applied for zooplankton population dynamics in either 
chemostat or turbidostat systems in the last few decades (Boraas 1983, Boraas and 
Bennett 1988, Walz 1993b, McNair et al. 1998). The Monod saturation function, similar 
to Michaelis-Menten enzyme kinetics, was used to describe a rectilinear hyperbola 
relationship between the microbial growth rate and the concentration of substrate:  




⋅= µµ  
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But different from the Michaelis-Menten equation, the Monod equation is “weak 
in both empirical and theoretical grounds, unsatisfactory in relating clearly, directly and 
convincingly to specific real experimental systems” (McNair et al. 1998). Thus, 
modifications of the Monod model or its derivatives were conducted to adapt to different 
conditions or systems (McNair et al. 1998), especially in rotifer culture chemostats and/or 
turbidostats (i.e., Herbert 1958, Boraas 1983, Walz 1993b, McNair et al. 1998, Santander 
1999). 
The modifications of rotifer Monod models mainly included endogenous 
metabolism, energy flow, ingestion rates, and time-lag growth (Boraas 1983, Walz 1993b, 
McNair et al. 1998, Santander 1999). The Monod-Herbert (M-H) model accounts for 
metabolic losses by introducing another constant “endogenous metabolism” (µc). 
Rothhaupt’s model (1985) considers energy-flow and rotifer filtering rate (F) when 
applied in the population dynamics of B. rubens (freshwater) in its two-stage algal-rotifer 
chemostat. Walz’s model (1993a) can be applied by mainly modifying the rotifer (B. 
angularis) ingestion rate (i) as a dependent parameter of the algal density, i.e., 
determined by the saturation kinetics equation: 
)(d rateingestion  maximum  i
)(dration  foodor  rateingestion  specific       i
:Where
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Walz (1993b) added a time delay to the Monod model to help explain the 
response to changing food conditions. And the growth rate (µ) varies at a t-delay after the 
substrate concentration changes (Walz 1993b). The more recent Santander (1999) model 
is still a Monod-based model for B. plicatilis turbidostat, but it is more system-specific by 
considering the rotifer harvest, loss through the sludge flow, and the rate of decay. 
FUTURE OF ROTIFER BIOTECHNOLOGY 
The demand of smaller-size rotifer species (e.g. S-type) is growing due to the 
initiatives in cultivating small-gape marine finfish species (Hagiwara et al. 2001, Lubzens 
et al. 2001). However, the biotechnology of mass producing S-type rotifers still falls 
behind. The standard design of an automated, continuous turbidostat culture system 
specific to S-type rotifers should be one of the directions of future research. Aside from 
the system design, water quality must be controlled to provide a stable and favorable 
environment for high density rotifer cultures. New ammonia removal methods (e.g., 
floating media biofilters, membrane filters) are being tested, but improvements should be 
made in reducing the feed loss or clogging during their application processes. Foams 
could be removed using a foam fractionation (Suantika et al. 2000, 2001 and 2003), but 
there is no standard design specific to rotifer systems. To avoid the transfer of diseases to 
fish larvae, measures should be taken to assure hygienic rotifer products by either 
disinfection or solids reduction through system operations. The unpredictability of rotifer 
mass production and population dynamics is still common (Suantika et al. 2000), while 
modeling (e.g., the Monod-based Model) is going to result in a more predictable 
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productivity. Thus, the Monod kinetics of rotifers is yet to be determined. To further 
reduce the production (labor) costs, rotifer manual counts could be replaced by automated 
rotifer quantification techniques (e.g., automatic rotifer counts by camera, Øie 2005). In 
summary, eventual commercialization of stable, high-density rotifer cultivation systems 
will require standardized system designs and demonstrate lower production costs (Olsen 
2004). 
    25
CHAPTER 2  
THE EFFECTS OF TEMPERATURE AND SALINITY ON BATCH-
CULTURED ROTIFERS (BRACHIONUS ROTUNDIFORMIS): 
PRECURSOR TO A CONTINUOUS CULTURE SYSTEM DESIGN 
 
INTRODUCTION 
The production and use of live feeds is a major bottleneck for the industrial 
development of marine crustaceans and finfish larviculture (Dhert et al. 2001). As one of 
the most important live feeds, rotifers (mainly Brachionus) are used as a starter feed for 
rearing marine finfish and crustacean larvae (Keenan and Blackshaw 1999). Several 
billion rotifers may be required on a daily basis for raising marine finfish larvae in 
commercial hatcheries (Lubzens et al. 1997, 2001).  
While Brachionus spp. is the main rotifer genus reported as a first food for the 
early developmental stages of marine finfish larvae, the demand for Brachionus 
rotundiformis is growing as marine finfish species with smaller gapes are being 
investigated for commercial exploitation (Hagiwara et al. 2001, Lubzens et al. 2001). 
Marine Brachionus includes mainly B. plicatilis (“L-type”; 130-340 µm loric length) and 
B. rotundiformis (“S-type”; 100-210 µm and “SS-type”; 90-150 µm loric length) (Yúfera 
et al. 1997, Serra et al. 1998). The majority of the research to date has been performed on 
B. plicatilis (Dhert et al. 2001), with limited information available for B. rotundiformis 
(i.e., Yoshimatsu et al. 1997, Lubzens et al. 2001). With current initiatives focused on the 
cultivation of several marine finfish having smaller larvae (i.e., some grouper species), 
there is an increasing pressure to develop sustainable production techniques for smaller 
live feed (Lubzens et al. 2001). B. rotundiformis (S- and SS-type) could be a promising 
rotifer species to meet this requirement.  
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Three different rotifer culture techniques have been developed and applied to 
different degrees; batch (Walz et al. 1997), semi-continuous (“thinning culture”) (Snell 
1991), and continuous culture techniques (Abu-Rezq et al. 1997, Fu et al. 1997). The 
batch culture method is still the most commonly used rotifer production technique due to 
its simplicity (Snell 1991, Dhert et al. 2001) and despite its unstable growth and yield 
(Snell 1991, Walz et al. 1997). The semi-continuous cultures are used quite often, but the 
continuous (the chemostat- or turbidostat-based) cultures are seldom used. However, both 
hold great promise because they can be partially or fully controlled, and thus would be 
more dependable (Walz 1993b, Walz et al. 1997). In the United States, only one 
commercial semi-continuous system is available for sale (Aquatic Eco-Systems, Apopka, 
FL, USA). Thus, the further development of continuous culture techniques is of prime 
importance to sustainable production of live feeds. A continuous, stable and reliable 
supply of nutritionally adequate rotifers at a lower cost than at present is the key for 
future commercial production.  
Independent of the culture method selected, meeting the ecological and 
physiological needs is a major concern for successful rotifer mass production. It is known 
that natural zooplankton populations (e.g., monogonant rotifers, Brachionus) undergo 
changes in their life cycles (i.e., Virro 2001). Cyclical parthenogenesis (amictic) and 
sexual (mictic) reproduction are two alternative reproductive strategies of Brachionus, 
and the former is assumed ecologically advantageous because it allows large populations 
to build up in this rapid and efficient clonal propagation style (Lubzens and Zmora 2003). 
A key for culture stability and productivity is maintaining a vast majority of amictic 
females over extended periods. Although not fully understood, some cues (salinity, 
temperature, nutrition, population density, photoperiod, and genetic factors, etc.) 
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(Pourriot and Snell 1983, Snell 1986, Serra and King 1999, Ricci 2001, Gilbert 2002, 
Serra et al. 2005) have been identified in the laboratory that could trigger/initiate meiosis 
in diploid mictic (sexual) females and thus reduce the apparent productivity (Lubzens and 
Zmora 2003). Salinity and temperature are two of the most critical environmental factors 
(potential cues) that could affect the reproductive strategy of rotifers (i.e., Lubzens and 
Zmora 2003), and both should be kept relatively stable and in an optimal range to achieve 
culture stability and longevity.  
Assuming feed is not limited and water quality conditions are adequate, 
temperature and salinity can be manipulated to maximize rotifer reproduction and growth 
(Miracle and Serra 1989). Temperature strongly influences the reproductive rate, and 
each rotifer species has an optimum range (Hirayama 1990). B. rotundiformis performs 
well between 20 and 35oC. However, egg deposition ceases below 18oC, and the strain 
shows a high growth rate but produces many nonviable eggs at 40oC or above, resulting 
in unstable populations (Yúfera et al. 1997). Yoshimura et al. (1994) indicated that the 
population growth rate of B. rotundiformis (S-type rotifer) increased as the culture 
temperature increased from 24, 28 to 32oC.  
Salinity effects on rotifer mass production have mostly been reported for B. 
plicatilis (Lubzens et al. 1985, Lubzens 1987), and less is known about B. rotundiformis. 
B. plicatilis tolerates 1-97 ppt salinity, but reproduction can only take place at a salinity 
level below 35 ppt (Lubzens 1987). The best growth occurs at a salinity range between 
10 and 20 ppt (Hoff and Snell 1987). Generally, B. plicatilis is a euryhaline group; B. 
rotundiformis (S-type) is adapted to lower salinities; and B. rotundiformis (SS-type) is 
associated with higher salinity conditions (Snell et al. 1998, cited in Støttrup and 
McEvoy 2003). However, little information is available for the combination effect of 
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temperature and salinity on the growth of Brachionus rotifers, especially the smaller 
strains (i.e., B. rotundiformis).  
The objective of this study was to determine the effects of temperature (20, 25, 30, 
35oC), salinity (10, 15, 20 ppt) and their interactions on the apparent net growth rates and 
egg ratios of B. rotundiformis (S-type) as a precursor to the design and development of 
system and production criteria. The ultimate goal was to lay the groundwork for the 
design of a continuous culture system for maintaining stable rotifer productivity over 
extended time periods.  
MATERIALS AND METHODS 
A 4x3 factorial experiment was designed and performed in triplicate to investigate 
the effects of temperature, salinity, and their interactions on the apparent net growth rate 
and egg ratio of B. rotundiformis (S-type) (loric length: 182 ± 31 µm, n = 126). Four 
temperature levels (20, 25, 30 and 35oC) and three salinity levels (10, 15, and 20 ppt) 
were selected based on data reported by Yúfera et al. (1997) and Hoff and Snell (1987). 
Prior to the experiment, B. rotundiformis (FL strain, Harbor Branch Oceanographic 
Institute, Fort Pierce, FL, USA) was cultured in three 11.4-L (3-gal) carboys (10, 15, 20 
ppt salinity each) to eliminate salinity shock and acclimate them for about three months. 
Saltwater was prepared by dissolving artificial seasalts (Crystal Sea Marinemix®, Marine 
Enterprises International, Baltimore, MD, USA) in Nannopure® water, and aerating and 
acclimating to the corresponding temperature in a water bath for 1-2 d prior to use.  
The rotifer stock cultures were fed daily with resuspended Selenastrum 
capricornutum algal paste (about 0.1 g dry weight algal paste d-1). King et al. (2002) 
demonstrated that no significant differences (p = 0.92, 0.23, and 0.85) existed in the 
levels of the three nutritionally important fatty acids C20: 4n-6, C20: 5n-3, and C22: 6n-3, 
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respectively, between rotifers (B. plicatilis) fed with fresh and four-week refrigerated S. 
capricornutum. The algal paste used for rotifer conditioning was refrigerated for 13 days. 
In addition to the long term conditioning to salinity, B. rotundiformis was also acclimated 
to each experimental temperature for at least seven days prior to each study.   
A seven-day screening trial was conducted for each temperature-salinity treatment 
to select the best treatment for longer growth studies (16 days). The rotifers were 
inoculated at a density of one rotifer (rot) mL-1 in 2-L flasks for each temperature-salinity 
treatment. The flasks were gently aerated and continuously illuminated (180 Lux). 
Thirteen-day old, refrigerated, S. capricornutum algal paste was resuspended with water 
of the appropriate salinity, and fed to the rotifers at a rate of 27x106 algal cells mL-1 at the 
start of the study. The algal density was adjusted every other day for seven days. 
Dissolved oxygen (DO) was maintained above 3.0 mg L-1 in all flasks. Temperature 
(thermometer), pH (Orion 720A pH meter, 4500-H+) and dissolved oxygen (YSI 550 DO 
meter, 4500-O G) were measured daily throughout the experiments. Total ammonia 
nitrogen (TAN, 4500-NH3 D) was measured on Day 13 of the 16-d growth studies in 
accordance with Standard Methods (APHA 1998).  
Triplicate 5-mL (due to low rotifer density at the beginning) or 1-mL rotifer 
samples were collected daily from each flask during the 7-d and 16-d trials. Daily mean 
rotifer counts from each flask were used to calculate the overall mean daily rotifer density 
for the same treatment. The rotifers were fixed in Lugol’s solution and microscopically 
examined. Rotifer and attached egg counts were recorded. Empty and transparent loricae 
belonging to dead rotifers were not counted (Suantika et al. 2000, 2001). The apparent net 
daily growth rate (µ, d-1) was calculated as (Abu-Rezq et al. 1997, 1999, Suantika et al. 
2000, 2001, Støttrup and McEvoy 2003): 
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The mean apparent net growth rate during the exponential growth phase (µexpo) 
was calculated as the slope of the regression line adjusted to ln-transformed rotifer 
densities during the exponential growth phase following Yúfera and Navarro (1995). Egg 
ratios (ER) were calculated as: 
).mL(rot count rotifer   total  the      N
)mL (eggs eggs ofnumber    the       E
 :where









The mean and standard error (SE) of rotifer count, egg ratio, apparent net growth rate (µ) 
and µexpo were calculated from their triplicate sampling data. Based upon the data from 
the screening trials, the two temperature levels (at all salinity levels) with the best growth 
were selected for further investigation (16-d trials). 
Statistical analyses were conducted using SPSS 11.0 (SPSS Inc. 2001). Two-way 
ANOVA analyses were conducted to investigate the effects of temperature, salinity and 
their interaction on rotifer count, egg ratio, apparent net growth rate (µ) and µexpo. The 
effects of temperature and salinity combination treatment on rotifer count, egg ratio, µ 
and µexpo in screening trials were performed by one-way ANOVA. Significant differences 
among the means of rotifer counts, egg ratio and apparent net growth rates and µexpo were 
further tested by Tukey’s multiple range comparisons. A regression analysis was 
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performed on the effects of temperature, salinity, and their interaction on the µexpo in the 
repeated 25oC and 30oC trials. All tests were judged significant at the 0.05 alpha level.  
RESULTS 
Rotifer Growth Performance in Screening Trial (7-d Trial) 
Rotifer counts indicate that all treatments except the 20oC/20 ppt treatment level 
showed increasing trends, with the 25oC and 30oC trials the most prominent (Figures 2.1 
and 2.2). Rotifer density 
increased relatively fast 
to a level of 144 rot mL-1 
(Day 7, 15 ppt salinity) 
and 437 rot mL-1 (Day 7, 
10 ppt salinity) for 25oC 
and 30oC treatment levels, 
respectively. For the 20oC 
and 35oC treatment levels, 
however, rotifer densities 
did not exceed 13 rot  
mL-1 (Day 7), and an 
obvious endogenous 
phase was observed in the 
35oC/20 ppt treatment 
(Figure 2.1). The initial 
lag phase decreased with 
increasing temperature (Figure 2.1).  
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Figure 2.1 Mean daily Brachionus rotundiformis counts 
during the 7-d 20oC and 35oC temperature treatment level 
studies
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Figure 2.2 Mean daily Brachionus rotundiformis counts 
during the 7-d 25oC and 30oC temperature treatment level 
studies 
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Results of the two-way ANOVA indicate that temperature, salinity and their 
interaction had a significant effect on mean rotifer count (p < 0.001) (Table 2.1). Results 
of Tukey’s multiple range comparisons indicated that the best two temperature treatments 
combining with all salinity levels (10, 15 and 20 ppt) are 30oC and 25oC, while 20oC and 
35oC were the worst (Table 2.1). Rotifer counts for the same temperature but different 
salinity treatments exhibited substantial differences in the 20oC and 30oC trials, with the 
exception of the 30oC/20 ppt treatment. Substantial differences in rotifer counts were also 
observed for the same temperature but different salinity treatments for both 25oC and 
35oC trials, except for curves of the 35oC/15 ppt and 20 ppt treatments (Table 2.1).  
Overall mean egg ratio for the different salinity/temperature treatments are listed 
in Table 2.1. Temperature and the interaction between temperature and salinity had a 
significant effect on egg ratios (p = 0.001, 0.017), while salinity (p = 0.411) did not. 
Tukey’s multiple range comparison demonstrated that the 30oC/20 ppt treatment 
produced the highest mean egg ratio and the 20oC/20 ppt produced the lowest mean egg 
ratio. Mean egg ratios in other treatments showed no significant difference from the 
above two mean egg ratios (Table 2.1). 
 Most rotifer growth curves followed standard growth patterns except for those at 
the 30oC treatment level, which showed a higher instantaneous µ of 2.36-2.61 d-1 at Day 
1, then a decrease to 0.90-1.18 d-1 at Day 2. For the 7-d trial, mean µ ranged from 0.18 
(35oC/20 ppt treatment) to 0.87 (30oC/10 ppt treatment) (Table 2.1). Temperature and 
salinity had significant effects on µ (p < 0.001 and = 0.001), but their interaction 
(temperature*salinity) did not (p = 0.056). Tukey’s multiple range comparisons 
illustrated that the highest mean µ occurred at the 30oC/10 ppt treatment, with 35oC/20 
ppt and 20oC/10 ppt were the lowest (Table 2.1). Temperature, salinity and their 
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TABLE 2.1 Comparisons of Mean (± Standard Error, SE) rotifer count, egg ratio and µ for the 
7-d screening trials for the batch culture rotifer (Brachionus rotundiformis) 
 
Temperature (oC ) Parameter Salinity 
(ppt) 20 25 30 35 
_____________________________________________________________________________
10 2.1 ± 0.2 *c 27.3 ± 0.9 b 84.0 ± 10.6 a 3.4 ± 0.2 c 
15 4.0 ± 0.3 c 39.4 ± 0.2 b 78.0 ± 1.8 a 5.8 ± 0.7 c 
 
Rotifer count 
(rot mL-1) 20 0.9 ± 0.1 c 30.2 ± 0.6 b 38.0 ± 2.7 b 4.8 ± 0.1 c 
      
10 0.33 ± 0.03 ab 0.48 ± 0.04 ab 0.50 ± 0.05 ab 0.31 ± 0.07 ab 
15 0.47 ± 0.03 ab 0.47 ± 0.03 ab 0.45 ± 0.02 ab 0.33 ± 0.02 ab 
 
Egg ratio 
20 0.29 ± 0.02 b 0.51 ± 0.02 ab 0.51 ± 0.10 a 0.49 ± 0.03 ab 
      
10 0.20 ± 0.05 e 0.66 ± 0.00 c 0.87 ± 0.02 a 0.22 ± 0.05 de 
15 0.36 ± 0.03d 0.71 ± 0.01 bc 0.86 ± 0.01 ab 0.30 ± 0.05 de 
 
µ (d-1) 
20 N.A. ** 0.68 ± 0.01 c 0.74 ± 0.02 abc 0.18 ± 0.04 e 
      
10 0.32 ± 0.01 g 0.78 ± 0.01 ab 0.86 ± 0.01 a 0.43 ± 0.07 efg 
15 0.57 ± 0.02 cde 0.80 ± 0.01 ab 0.82 ± 0.02 a 0.54 ± 0.07 def 
µexpo (d-1) 
20 0.34 ± 0.06 fg 0.72 ± 0.05 abcd 0.74 ± 0.03 abc 0.60 ± 0.01 bcde
*Means ± SE of the temperature and salinity combination treatment with the same letter for the 
same parameter were not significantly different (p > 0.05).  
** N.A.: Not Available. 
interaction had significant effects (p < 0.001, = 0.007 and 0.002) on the µexpo. A rank 
different from mean µ’s was obtained for µexpo’s (Table 2.1). However, the 30oC/10 ppt 
and 30oC/15 ppt treatments produced the highest µexpo, and 20oC/10 ppt treatment 
produced the lowest (Table 2.1).  
In summary, temperature showed significant effects on mean rotifer counts, egg 
ratio, apparent net growth rate and mean µexpo in 7-d rotifer screening trials. From the 
results of multiple comparisons among rotifer counts and µ, the treatments in 25oC and 
Water quality in the screening trials was relatively stable (Table 2.2). Salinity and 
temperature were consistent. Mean pH ranged from 7.36 to 8.24, mean DO ranged from 
3.5 to 6.0 mg L-1, and mean TAN on Day 7 of 20oC and 35oC treatment trials ranged from 








TABLE 2.2 Main water quality parameters (Mean ± Standard Error, SE) in the screening trials and the repeated trials for batch culture of 
Brachionus rotundiformis 
 
Screening trials (7 d) 
___________________________________________________________________________________________________________________________________________________________________ 
Water Quality 
20oC:10 ppt 20oC:15 ppt 20oC:20 ppt 25oC: 10 ppt 25oC: 15 ppt 25oC: 20 ppt 30oC: 10 ppt 30oC: 15 ppt 30oC: 20 ppt 35oC: 10 ppt 35oC: 15 ppt 35oC: 20 ppt 
__________________________________________________________________________________________________________________________________________________________________________________ 
           pH 8.13±0.07 8.14±0.10 8.24±0.06 7.36±0.21 7.54±0.17 7.53±0.24 7.38±0.14 7.66±0.06 7.62±0.09 7.92±0.12 7.99±0.09 7.90±0.10 
             
        
DO (mg L-1) 5.8±0.2 5.6±0.3 6.0±0.3 5.8±0.2 5.7±0.3 5.4±0.3 4.7±0.6 4.8±0.5 4.3±0.8 4.0±0.2 3.9±0.3 3.5±0.3
TAN (mg N L-1)* 2.53±1.13 3.63±0.68 6.23±0.64 N.A. *** N.A. N.A. N.A. N.A. N.A. 0.15+0.05 1.08+0.08 1.33+0.18 
             
             
             
       
Repeated trials (13-16 d) 
_________________________________________________________________________________________________________________________________________________________________ 
   
Water Quality 
 
25oC: 10 ppt 25oC: 15 ppt 25oC: 20 ppt 30oC: 10 ppt 30oC: 15 ppt 30oC: 20 ppt    
pH 8.27±0.08 8.24±0.09 8.34±0.08 8.18±0.12 8.07±0.13 8.29±0.08
DO (mg L-1) 5.7±0.3 5.8±0.5 5.6±0.5 5.0±0.4 4.8±0.5 5.1±0.5
TAN (mg N -1)** 30.23±0.88 26.90±1.93 31.90±4.22 26.00+2.52      N.A. 25.33±3.53
*TAN data were measured on Day 7 for 7-d trials.  
**TAN data were measured on Day 13 for the repeated trials. 
*** N.A.: Not Available. 
 
 
30oC with all salinity levels (10, 15 and 20 ppt) were the most promising (Table 2.1). 
Except for the 35oC treatment, the rotifer growth curves did not complete the classic 
growth patterns (Figures 2.1 and 2.2). In order to correct this problem, trials with 25oC 
and 30oC treatments (combined with 10, 15 and 20 ppt) were repeated in an extended 
period investigation. 
Rotifer Growth Performance in Repeated 25oC and 30oC Trials 
Effects of Temperature, Salinity and Their Interaction on Rotifer Counts: More 
complete growth curves, with all five phases, were observed for the 16-d 25oC and 30oC 
trial (Figure 2.3), where rotifer counts indicated an obvious increasing trend after a 
distinct lag phase. Rotifers grew exponentially from 9 to 418 rot mL-1 (25oC/10 ppt 
treatment on Day 13) and from 1 to 466 rot mL-1 (30oC/10 ppt treatment on Day 8), 
respectively. The stationary phases for the 30oC treatment levels lasted for about 3 days; 
then the culture declined. However, the stationary phases for 25oC treatment levels were 
short (negligible), and an obvious endogenous phase was observed instead (Figure 2.3). 
Temperature, salinity and their interaction (temperature*salinity) had significant effects 
on rotifer counts (p = 0.001, p < 0.001, p = 0.042, respectively). Considering the 
temperature-treatment effects, the mean rotifer counts at 30oC were significantly higher 
than those at 25oC; for salinity, mean rotifer counts at 10 ppt were significantly higher 
than those at 15 ppt and 20 ppt.  
Temperature and Salinity Effects on Rotifer Egg Ratios: Egg ratios exhibited 
sinusoidal curves up to Days 10 and 7 for the 25oC and 30oC treatment levels, 
respectively. Then a decreasing curve corresponding to egg ratios below 0.10 was 
observed after Days 12 and 7, respectively (Figure 2.4). Temperature, salinity and their 
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interaction showed no significant effects on egg ratios (p = 0.093, 0.596 and 0.727, 
respectively). The 25oC treatment demonstrated higher egg ratios than the 30oC treatment, 
although the differences 
were not statistically 
significant. 
Temperature and 
Salinity Effects on Rotifer 
µ and µexpo: The apparent 
net daily growth rates (µ) 
for 25oC and 30oC trials are 
presented in Figure 2.5 and 
Table 2.3. The part of the 
curves prior to its 
endogenous phase showed 
a similar trend to their 
corresponding µ curves in 
the 7-d screening trials. For 
the 25oC µ-curve, an 
increase of µ was observed 
before Day 3, and then stabilized for 10 d until Day 12 (0.43-0.57), where µ declined. 
The µ at 30oC increased quickly until Day 5, leveled out from Day 5 to 8, and then 
decreased steadily after Day 8. Statistics of two-way ANOVA indicated that temperature 
and salinity showed significant effects (p = 0.027 and 0.033) on µ in repeated 25oC and 
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Figure 2.3 Rotifer counts of Brachionus rotundiformis in 
25oC and 30oC repeated trials 
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Figure 2.4 Egg ratios of Brachionus rotundiformis in 25oC 
and 30oC repeated trials 
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30oC trials, but their interaction did not (p = 0.547). The µ at 10-ppt was significantly 
higher than those for the 20-ppt treatment, but not significantly different from that in the 
15-ppt treatment by Tukey’s multiple range comparisons. 
The µexpo in the 
repeated 25oC and 30oC trials 
are illustrated in Table 2.3. 
Statistics of two-way 
ANOVA indicated that 
temperature and temperature-
salinity interaction had 
significant effects (p = 0.004, 
0.026) on the µexpo, but no 
significant effects for salinity 
(p = 0.907) (Table 2.3). A regression analysis (p = 0.002) indicated that temperature, 
salinity, and the interaction between temperature and salinity all showed significant 
effects on the µexpo (p = 0.001, 0.008 and 0.007, respectively). The regression relationship 
is:  
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Figure 2.5 µ of Brachionus rotundiformis in 25oC and 30oC 
repeated trials 
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Similar to that in the screening trials, salinity and temperature in the repeated 
25oC and 30oC trials were consistent (Table 2.2). The mean pH ranged from 8.07-8.34, 
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TABLE 2.3 Comparisons of Mean (± Standard Error, SE) rotifer count, egg ratio and µ 
for the repeated 25 and 30oC trials for the batch culture of Brachionus rotundiformis 
 
Temperature (oC ) Mean ± SE*  Salinity (ppt) 
 25 30  
_____________________________________________________________________
10  148.8 ± 36.4 205.7 ± 50.7 177.3 ± 28.5a 
15  98.8 ± 15.5 106.4 ± 16.1 102.6 ± 3.8b 




(rot mL-1) Mean±SE*  108.2 ± 21.3b 134.3 ± 16.0a  
      
10  0.30 ± 0.03 0.29 ± 0.01 0.29 ± 0.01a 
15  0.23 ± 0.03 0.25 ± 0.04 0.24 ± 0.01a 
20  0.27 ± 0.03 0.27 ± 0.02 0.27 ± 0.00a 
 
Egg ratio 
Mean±SE  0.27 ± 0.02a 0.27 ± 0.01a  
      
10  0.36 ± 0.02 0.53 ± 0.11 0.44 ± 0.09a 
15  0.32 ± 0.01 0.36 ± 0.03 0.34 ± 0.02ab 
20  0.18 ± 0.09 0.34 ± 0.03 0.26 ± 0.08b 
 
µ (d-1) 
Mean±SE  0.28 ± 0.05b 0.41 ± 0.06a  
      
10  0.50 ± 0.02 1.05 ± 0.04 0.78 ± 0.28a 
15  0.66 ± 0.06 0.82 ± 0.04 0.74 ± 0.08a 
20  0.74 ± 0.19 0.77 ± 0.04 0.75 ± 0.02a 
µexpo (d-1) 
Mean±SE  0.63 ± 0.07b 0.88 ± 0.09a  
*Means ± SE with the same letter in the same column/row were not significantly 
different (p > 0.05).  
the mean DO ranged from 4.8-5.8 mg L-1, and the mean TAN on Day 13 ranged from 
25.33 to 31.90 mg NH3-N L-1 (Table 2.2). 
DISCUSSION  
Water Quality 
Yu and Hirayama (1986) indicated that B. plicatilis density decreases with an 
increased concentration of molecular ammonia nitrogen and adopted “no-effect” 
concentrations of 2.1 and 2.4 mg N L-1 for intrinsic growth rate and net reproduction rate 
of population growth, respectively. Based on the calculations (considering pH, 
temperature and salinity), the NH3-N (2.3-3.1 mg N L-1) during the repeated 25oC and 
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30oC trials were close to or slightly higher than the above “no-effect” limit (2.1-2.4 mg N  
L-1). Thus, the high ammonia nitrogen in present work might affect the rotifer growth rate 
more or less although the “no-effect” limit was set for B. plicatilis instead of B. 
rotundiformis directly. Higher molecular ammonia levels could also affect culture 
stability if coupled with other water quality changes (e.g., pH increasing) and irregular 
feeding. This can be understood from a “collapsed” or “crashed” (brown color culture 
water, 5-6 unit drop in pH, and sudden death of most of rotifers) two-week rotifer batch 
culture by authors. It is also in agreement with the result from Hino et al. (1997) that 
shows that molecular ammonia and accumulation of waste products were the possible 
causes that resulted in unexpected sudden death or stagnant growth in rotifer cultures. 
Additionally, the ratio of toxic molecular ammonia to ionic ammonia was determined to 
some extent by the pH in culture water (Yoshimura et al. 2003). A stable and relatively 
higher pH is known to be favorable for biofilter nitrification (Malone et al. 1998), foam 
fractionation (Timmons et al. 2001) and possibly rotifer survival (reducing potential pH 
stress) while feeding to marine finfish larvae. Thus, maintaining relatively stable water 
quality (TAN, pH) is a critical design objective for rotifer semi-continuous and 
continuous culture systems.  
Temperature and Salinity Effects on Rotifer Counts, Egg Ratios, µ and µexpo 
Classic growth curves for batch cultured rotifers fed living cells illustrate a lag 
phase in the beginning followed by an exponential growth phase until the algal cells are 
consumed, followed up by a phase indicative of death by starvation (Yúfera and Navarro 
1995). In the present study, the algal feed rate was high and adjusted every other day, so 
starvation was avoided. For the seven-day screening trial, the studies at 35oC were the 
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only treatments to exhibit these classic growth patterns. The other trials only exhibited a 
lag phase and exponential growth phase due to the short trial period (Figures 2.1 and 2.2). 
However, complete classic growth patterns were observed in both 25oC and 30oC trials 
during the 16-d study.  
Yoshinaga et al. (2001) showed that B. rotundiformis populations cultured at 25oC 
and 33 ppt salinity increased exponentially from 10 to 682 rot mL-1 during the first seven 
days (exponential growth phase) by transferring rotifers daily to culture media containing 
0.5x106 cells mL-1 Tetraselmis tetrathele. During the 16-d 25oC/20 ppt treatment, B. 
rotundiformis grew exponentially from 2 ± 1 rot mL-1 (Day 2) to 101 ± 16 rot mL-1 (Day 
8) in the first six days, with the normalized growth rate of 0.65 d-1. The rotifer growth 
rate (0.65 d-1) is slightly higher than the first seven-day normalized growth rate (0.60 d-1), 
calculated from Yoshinaga et al. (2001). Differences in algal concentration, rotifer 
density, and culture conditions (daily transfer versus without daily transfer, 33 ppt versus 
20 ppt) could have contributed to this difference. The endogenous phase may have been 
caused by excretory compounds reaching lethal levels or, more likely, to the progressive 
death of the older rotifers which hatched during exponential growth (Yúfera and Navarro 
1995). The endogenous phase in this study most probably resulted from the accumulation 
of TAN (25-32 mg-N L-1, Table 2.1) since S. capricornutum levels, salinity, pH and DO 
were relatively stable (Table 2.1). Due to the high microalgal concentration (27x106 algal 
cells mL-1) and high temperature (30oC) used, the decay of surplus microalgae could have 
partly contributed to the TAN accumulation. Thus, in semi-continuous or continuous 
rotifer culture systems, microalgal feed concentrations should be also matched to the 
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microalgal consumption rate of the rotifers to avoid bacterial decay of the surplus algae 
and the subsequent elevation of TAN. 
It took a few days (0-5 d) to acclimate the rotifer inocula to the new conditions, 
which was indicated by the lag phase of rotifer growth curves (Figures 2.1-2.3) even 
though they were acclimated for 7 d prior to the start of the experiment. At 20oC, the 
rotifers grew very slowly or not at all (20oC/20 ppt treatment) (Figure 2.1). The 
exponential growth phase decreased from 7 (Day 5-Day 13) to 3 d (Days 1-4) as the 
temperature increased from 25oC to 35oC (Figures 2.1-2.3). Thus at higher temperatures, 
the rotifers grew faster but experienced shorter exponential growth phases. It is known 
that the length of the pre-reproductive phase, the duration of embryonic development, the 
post-embryonic growth, the somatic growth, and rotifer metabolism are functions of 
temperature. An increase in temperature within the natural environmental range produces 
an exponential increase of µ (Miracle and Serra 1989). Increasing temperature will 
accelerate rotifer metabolism. However, excess food could be detrimental as it 
decomposes faster (Stemberer and Gilbert 1985, Galkovskaya 1987). Considering long-
term stability, rotifer cultures operated at temperatures lower than the optimal may 
perform better because of lower feed decay rates and reduced variations in water quality. 
From a design perspective, the optimal temperature might work well in automated mass 
culture systems where water quality monitoring and control measures are part of the 
system. Another consideration is to culture rotifers under the conditions that are similar to 
those of finfish larvae. In this case, the optimal rotifer conditions may be inconsistent 
with those of finfish larvae (Fielder et al. 2000); thus the rotifer reproduction rate may not 
be maximized.    
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The rotifer egg ratio, which is somehow dependent on temperature (Table 3.1), 
and the type and amount of algae, can be an important indicator of the culture status and a 
sensitivity indicator of physiological stress. Typically, a time lag of 18-24 h exists 
between exposure to stress and a change in egg ratio (Snell et al. 1987, Korstad et al. 
1995, Støttrup and McEvoy 2003). In the 16-d trial, when egg ratios were less than 0.09-
0.10 (Day 12 and Day 7 for 25oC and 30oC, respectively, Figure 2.4), the rotifer 
population was at the end of the exponential growth phase, and entering into a stationary 
phase in about 24-48 h (Figure 2.3). This may suggest that egg ratios continuously lower 
than 0.10 indicate the instability of a B. rotundiformis population, and could be an 
indicator of a change in reproductive status. This egg ratio is close to values of 0.13 
(Snell et al. 1987) and 0.17 (Korstad et al. 1995) for B. plicatilis, which reportedly 
indicate instability or declining reproduction in that species over time. Other studies show 
that B. rotundiformis has an almost constant dry weight when the population has an egg 
ratio over 0.20, but when this ratio falls below 0.10, populations are under a nutritional 
limitation and have a low growth potential (Snell et al. 1987, Korstad et al. 1995, Yúfera 
et al. 1997). This study is consistent with literature, and an egg ratio threshold nearing 
0.10 may provide a culture status check in semi-continuous and continuous cultures.  
Rotifer counts at 20, 25, 30 and 35oC (Figures 2.1, 2.2, and 2.3) showed that B. 
rotundiformis grew best between 20 and 35oC. This agrees with the results from Yúfera 
et al. (1997). However, the highest mean rotifer number, µ and µexpo, occurred in the 25oC 
and 30oC treatments (Tables 2.1 and 2.3). This could suggest that the optimal temperature 
for B. rotundiformis growth most probably lies between 25oC and 30oC. And this is in the 
reported range of the optimal growth temperature for B. rotundiformis in previous studies 
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(Hoff and Snell 1987), and also consistent with the optimal temperature of 24-35oC for 
culturing B. rotundiformis (Hirano 1987, Lubzens 1987, 1989, Rumengan and Hirayama 
1990, Hirayama and Rumengan 1993).  
Within the optimal temperature range (25-30oC), cultures grown at the lower 
temperature demonstrated a relatively slow but stable growth rate with longer exponential 
growth phases, while at the higher temperature, they grew faster with a shorter 
exponential growth phase (Figures 2.3 and 2.5). These tendencies could be applied by 
commercial farmers for rearing their starter cultures at higher temperatures for faster 
initial production and then at lower temperatures to sustain production longer. However, 
prior to commercial application, these strategies will need further study to evaluate the 
economic basis for the system costs, maintenance costs, and energy costs (Suantika et al. 
2003). 
Although some statistical results are inconsistent for µexpo between 25oC and 30oC 
treatments, they still show that 25oC and 30oC are the best two temperature treatments for 
rotifer growth rate among those four (20, 25, 30 and 35oC) (Tables 2.1 and 2.3). 
Comparisons in both µ (in both 7-d screening and 16-d repeated trials) and µexpo (in only 
16-d repeated trials) indicated that treatment at 30oC could be superior to that at 25oC in 
rotifer growth (mean µexpo: 0.81 d-1 > 0.77 d-1 in the screening trials; 0.88 d-1 > 0.63 d-1 in 
the repeated trials; Tables 2.1 and 2.3). Similarly, the inconsistent statistical results about 
salinity effects on µexpo were obtained (Tables 2.1 and 2.3). The µexpo in 30oC/10ppt and 
30oC/15 ppt treatment was indicated significantly higher than the other treatments in 7-d 
screening trials (Table 2.1). While the µexpo in the 30oC treatment was superior to that in 
the 25oC, there were no significant differences among 10, 15 and 20 ppt treatments in the 
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16-d repeated trials (Table 2.3). In summary, the 16-d 30oC/10 ppt treatment study 
resulted in higher rotifer population growth rates (µexpo) than the other treatments (Table 
2.3), and the 30oC/15 ppt treatment was also a good choice, as seen from both the 7-d 
screening trials (Figure 2.2, Table 2.1) and 16-d trials (Figure 2.3, Table 2.3). Thus, the 
30oC/10 ppt and 30oC/15 ppt were the best two temperature/salinity treatments for rotifer 
growth in these trials. In contrast, the best growth for B. plicatilis occurs at intermediate 
salinities between 10 and 20 ppt (Hoff and Snell 2001), and relatively higher culture 
salinities have been suggested as a means to avoid rotifer sexual reproduction (Støttrup 
and McEvoy 2003). Thus, culturing rotifers at 30oC/15 ppt could be more promising than 
30oC/10 ppt to avoid sexual reproduction in B. rotundiformis. From the perspective of the 
immediate effects of rotifer mass culture (i.e., growth rate) and potential automation 
control measures, a combination of 30oC/15 ppt is indicated for continuous culture of B. 
rotundiformis, provided no further research is undertaken.  
The apparent net growth rate (µ) for B. plicatilis strains usually ranged from 0.23 
to 1.15, and 0.54 to 1.37 d-1 for B. rotundiformis depending on salinity and temperature 
(Hirayama et al. 1979, Lubzens et al. 1989, 1995, Hagiwara et al. 1995, Hansen et al. 
1997). In the present study, the mean exponential growth rate (µexpo) of the 25oC and 
30oC treatment studies performed for 16 days ranged from 0.50 (25oC/10 ppt) to 1.05  
(30oC/10 ppt), respectively, for B. rotundiformis. This study extended the lower threshold 
of 0.54 to 0.50, while the upper threshold of 1.05 was lower than the previously reported 
upper threshold of 1.37 d-1. Besides the salinity and temperature effects, µ was probably 
also affected by the type of food (wet yeast, dry yeast, live, frozen or dried microalgae), 
the amount of feed and feeding frequency (Korstad et al. 1989a and b, Lubzens et al. 
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2001). Hagiwara et al. (1995) indicated that specific growth rates for B. rotundiformis 
cultured in 17-ppt fed with Nannochloropsis oculata were 0.54 and 0.77 d-1 at culture 
temperatures of 25oC and 30oC, respectively. To compare µ at 17 ppt salinity, a simple 
interpolation of data from this study resulted in a 0.69 and 0.80 d-1 (or 0.69 and 0.84 d-1 
as predicted by Eqn. 2.3) for 25oC and 30oC, respectively. The data differences could be 
attributed to the differences in culture conditions such as microalgal species, water 
quality fluctuations, and pre-acclimation conditions (Miracle and Serra 1989). 
Food shortages, low dissolved oxygen, and toxicity of molecular ammonia 
accumulation in culture systems are major factors that can limit rotifer propagation 
(Yoshimura et al. 1995, Hino et al. 1997, Yoshimura et al. 2003). In the present study, 
algal concentrations and DO were maintained in normal ranges (Hoff and Snell 2001; 
Table 2.1). However, TAN accumulations may have affected rotifer production in some 
treatments, especially in the 16-day 25oC and 30oC trials. The highest mean TAN values 
of 31.9 and 26.0 mg L-1 were observed on Day 13 in the 25oC and 30oC trials, 
respectively. Those were close to that in the culture experiments of B. rotundiformis at 
3,000-8,000 rot mL-1 with no pH adjustment (Yoshimura et al. 1995), although a decrease 
in pH will decrease the molecular ammonia toxicity. No signs of dead rotifers were 
observed at these high levels of TAN in repeated trials at 25oC and 30oC. This could 
indicate that rotifers can survive exposure to high levels of TAN at reduced pH values 
(7.38-7.99) for a short time. However, low egg ratios (0.09-0.10) were observed after 13-
16 d in repeated trials at 25oC and 30oC (Figure 2.4). This could signify that molecular 
ammonia accumulated in the trials (2.3-3.1 mg NH3-N L-1) was close to or above the 
critical “no-effect” concentrations for the rotifer growth rate (2.1-2.4 mg N L-1, Yu and 
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Hirayama 1986). This could also suggest that accumulated ammonia is, to some extent, 
one of the major stressors or inhibiting factors to rotifer reproduction (Hino et al. 1997) 
and should be reduced to acceptable limits for stable batch or continuous cultures.     
SUMMARY 
Seven-day screening trials with a 4 (temperature, 20, 25, 30 and 35oC) x 3 
(salinity, 10, 15 and 20 ppt) factorial design indicated that rotifers grew best in the 25oC 
and 30oC trials. The 13- to 16-day repeated trials at 25oC and 30oC further suggested that 
30oC/15 ppt was the best treatment for rotifer cultures when the effects of µ or µexpo, egg 
ratios and salinity were comprehensively considered. Ammonia accumulation up to 31.9 
mg N L-1 was observed on Day 13 in the repeated 25oC and 30oC trials. This may not 
result in immediate rotifer death in the short term, but could contribute to the low egg 
ratios (0.09-0.10). This is a known stressor to rotifer cultures and must be reduced as part 
of a rotifer system design. An egg ratio continuously below 0.10 may serve as an advance 
warning index of the rotifer culture status.  
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CHAPTER 3  
THE EFFECT OF NANNOCHLOROPSIS OCULATA FEED RATION 
ON THE GROWTH OF BRACHIONUS ROTUNDIFORMIS (S-TYPE) 
 
INTRODUCTION 
Microalgae are assumed to be the best feed for the stable cultivation of quality 
rotifers (mainly Brachionus), which are critical to efficiently producing healthy larval 
fish (Park et al. 2001). It is a common belief that even a moderate use of microalgae will 
contribute to better rotifer health and viability, thereby reducing culture risks (Olsen 
2004). Recently, the application of concentrated microalgal paste (live or dried) has made 
advances in rotifer mass production possible (i.e., Fu et al. 1997, Navarro and Yúfera 
1998a and b, Yoshimura et al. 2003). However, some fundamental relationships between 
feed ration and rotifer growth kinetics are still unclear, but are required for the proper 
design and operation of rotifer continuous culture systems. 
The effects of microalgal feed ration on rotifer growth have been widely 
investigated (i.e., Hirayama et al. 1973, Rothhaupt 1985, Korstad et al. 1989a, 1989b, 
Navarro and Yúfera 1998a). Korstad et al. (1989b) indicated that the maximal clearance 
rate of B. plicatilis fed Isochrysis galbana occurred at a feed concentration < 2 mg C L-1, 
but that ingestion rate varied with I. galbana concentration (0.13-64 mg C L-1). Navarro 
(1999) reported that an incipient limiting level (ILL, the critical feed concentration 
described in the rectilinear model, where zooplankton clearance rates increased prior to 
reaching the critical concentration while remaining constant after passing this 
concentration) for B. rotundiformis was about 1x106 cell mL-1 fed Nannochloropsis 
oculata. Also, Navarro and Yúfera (1998a) pointed out that increased daily food rations 
(25, 50 and 100 mg L-1) of dried N. oculata improved the production of B. rotundiformis 
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and B. plicatilis, although the system efficiency or yield (mg rotifers produced per mg 
microalgae) was the same irrespective of the food ration. 
Rotifer growth kinetics based on a microalgal feed substrate are key to 
understanding rotifer population dynamics and optimizing culture system design and 
operation (i.e., Rothhaupt 1985, Navarro and Yúfera 1998a, 1998b). The unpredictability 
of rotifer mass production is one of the most frequently reported problems in hatcheries 
(Dhert et al. 2001). The Monod model and its related mathematical concepts have been 
widely applied to describe rotifer population dynamics and shows great promise as a 
prediction tool (i.e., Boraas 1983, Schlüter et al. 1987, Walz 1993c, 1993d, Navarro and 
Yúfera 1998b). Reports on rotifer Monod kinetics mainly include B. plicatilis fed 
Chlorella (Endo and Mochizuki 1979), B. calyciflorus fed Chlorella pyrenoidosa (Boraas 
1983), B. angularis fed Stichococcus bacillaris (Walz 1993d), B. rubens fed 
Monoraphidium minutum (Rothaupt 1985), and B. plicatilis fed Chaetoceros muelleri 
(Santander 1999). More recently, researchers have documented studies of B. 
rotundiformis fed Nannochloropsis oculata due to a growing interest in this rotifer 
species for small gape marine finfish larvae (i.e., Yúfera and Navarro 1995, Navarro and 
Yúfera 1998a and b, Navarro 1999, Bentley et al. 2005). However, there do not appear to 
be much growth kinetics data for B. rotundiformis fed N.  oculata (Lubzens et al. 2001), 
except for a study by Navarro (1999). Feeding-related problems (e.g., feed ration, feeding 
frequency, wastes production from feed decay) have been some of the major concerns in 
rotifer cultures (Lubzens and Zmora 2003, Olsen 2004). Therefore, basic data from the 
feeding studies of B. rotundiformis fed N. oculata can be used for rotifer feeding practice 
and rotifer system design. 
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The objectives of this study were to investigate the effects of different N. oculata 
cell densities on the growth of B. rotundiformis (S-type) and determine rotifer growth 
(Monod) kinetics specific to this microalgal and rotifer species. 
MATERIALS AND METHODS 
A suite of studies was performed to investigate the effects of Nannochloropsis 
oculata cell density on the growth dynamics of B. rotundiformis (S-type). Five microalgal 
feed levels (0.25, 1.0, 4.0, 16.0 and 64.0x106 cells mL-1) were implemented and 
investigated in triplicate. All studies were performed at 30oC and 15 ppt salinity, which 
was previously determined to be the optimal temperature-salinity for B. rotundiformis 
(Chapter 2). Two-L flasks with gentle aeration were inoculated with B. rotundiformis (S-
type, FL strain, Harbor Branch Oceanographic Institute, Fort Pierce, FL, USA; loric 
length: 182 ± 31 µm, n = 126) at an initial density of 5 rot mL-1. The temperature of the 
culture water was controlled by a water bath. Synthetic seawater (15 ppt) was prepared 
with Nannopure® water and Crystal SeaTM seasalts (Marine Enterprises International, 
Baltimore, Maryland, USA), aerated and aged for one week to achieve ionic equilibrium 
prior to use in the experiments. N. oculata microalgal paste (Reed Mariculture Company, 
Campbell, CA, USA) was resuspended and used as the feed for all studies. To prevent 
microalgal growth, the rotifer cultures were covered with an opaque plastic. The rotifers 
in each flask were harvested daily following the “rotating culture” method described by 
Rothhaupt (1993b). “Rotating cultures” are operated in such a way that the animals are 
regularly transferred into fresh food suspensions and animals’ densities are kept low so as 
to prevent food depletion through grazing losses. This is a simple method to determine 
the numerical response relationship between prey and predator in a constant food 
environment (Stemberger and Gilbert 1985, Rothhaupt 1990, Walz et al. 1993e). The 
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rotifers were harvested using a 55-µm screen, flushed three times with the fresh, well-
conditioned saltwater, and transferred to new flasks, which were adjusted back to the 
corresponding target microalgal density. The above procedures were repeated until the 
rotifer population decreased as a result of the increase of the rotifer population size and 
the fast exhaustion of microalgal feed in 24 h. Water temperature, salinity (refractometer, 
Aquatic Eco-Systems, FL), dissolved oxygen (DO; YSI 550A DO meter, Standard 
method 4500-O G) and pH (Orion 720A pH meter, Standard method 4500-H+) (APHA 
1998) were measured daily prior to the rotifer transfer. 
Triplicate microalgal (Hemacytometer, Fisher scientific, Pittsburgh, PA, USA), 
rotifer and egg count samples (Sedgewick Rafter Counting Cell, Pyser-SGI Limited, Kent, 
UK) were collected from each flask twice a day (in the beginning of each culture 
“rotating” and after 24 h of this “rotating” culture). Counts were performed manually 
using microscopy. Daily mean counts were calculated for each treatment along with an 
overall study mean ± standard error (SE). The two mean algal counts within 24 h were 
averaged as the real substrate (microalgal) concentration for each feed ration treatment. 
The algal counts were also converted to algal biomass (mg dry weight L-1) via a standard 
calibration curve. Egg ratios (ER) were calculated as the total number of eggs carried 
(eggs mL-1) divided by the total rotifer count (rot mL-1) in a sample (modified from 
Lubzens and Zmora 2003). Apparent net growth rates (µ) were calculated as:  
)mL(rot   tat time countsrotifer       N
)mL(rot   tat time countsrotifer       N
rotifers of )(d rategrowth net apparent          
:where
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(d).  tand between t period   timet    12=∆  
The apparent net growth rate during the exponential growth phase (µexpo) was 
calculated as the slope of the regression line adjusted to ln-transformed rotifer densities 
during the exponential growth phase following Yúfera and Navarro (1995). The µexpo was 
regressed against the five microalgal feed concentrations using the Monod relationship. 
The maximum rotifer growth rate (µmax) and microalgal half-saturation constant (KA) 
were determined using two parameter estimation methods: non-linear regression and 
Lineweaver-Burk. Rotifer yield (Y) was expressed as rot per mg alga biomass or rot per 
106 algal cells. One-way ANOVA analyses were performed to investigate the feed ration 
effects on the egg ratio, µ and µexpo, respectively. The significant effects of feed ration 
treatments were further performed by Tukey’s multiple comparisons. All tests were 
judged significant at the 0.05 alpha level.  
RESULTS AND DISCUSSION 
Water Quality and Growth Curves of Rotifer B. rotundiformis As a Function of the Feed 
Ration 
 
During the experimental period, the temperature and salinity of culture water were 
maintained at 30 ± 0.5oC and 15 ± 0.5 ppt, respectively. For all feed ration treatments, the 
mean DO (Table 3.1) was above 4.0 mg L-1, which is recommended as the minimum 
dissolved oxygen level for rotifer cultures (Fulks and Main 1991). The mean pH (Table 
3.1) was in the optimal pH range (7.5-8.5) for culturing rotifers for each treatment 
(Hirano 1987). In the feed ration trials, the discrepancies between the target and the real 
feed ration (Table 3.1) could be due to the algal consumption by rotifers after each algal 
concentration adjustment and the average of the two algal counts within 24 h (algal 
counts at the beginning and at the end of 24 h culture period) as the real feed ration.   
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Table 3.1 Summary of algal counts and biomass, rotifer counts, egg ratios, µ, µexpo, pH and 
DO for the study of Brachionus rotundiformis fed different densities of 
Nannochloropsis oculata
 
Mean ± Standard error (SE) 
___________________________________________________________________
0.25 1.0 4.0 16.0 64.0 
 
Items 
(x106 cells mL-1) 
__________________________________________________________________________________
Algal counts 
(106 cells mL-1) 
0.19 ± 0.05 0.58 ± 0.31 2.81 ± 0.78 9.37 ± 4.34 44.0 ± 2.1 
Algal biomass 
(mg TSS L-1) 
2.24 ± 0.61 7.02 ± 3.67 33.8 ± 9.2 113 ± 51.3 530 ± 25.1 
Rotifer count 
(rot mL-1) 
6.1 ± 0.5 d 13.6 ± 0.7 c 43.6 ± 3.5 b 53.3 ± 0.8 a 36.1 ± 0.4 b
Egg ratio 0.27 ± 0.11* b 0.44 ± 0.05 ab 0.40 ± 0.05 ab 0.64 ± 0.05 a 0.68 ± 0.06 a
µ (d-1) N.A. ** 0.16 ± 0.03 c 0.43 ± 0.03 b 0.61 ± 0.04 a 0.35 ± 0.01 b
µexpo (d-1) 0.26***c 0.59 ± 0.05 b 0.62 ± 0.02 b 0.75 ± 0.03 a 0.55 ± 0.01 b
pH 8.49 ± 0.09 8.50 ± 0.08 8.48 ± 0.05 8.46 ± 0.06 8.40 ± 0.02 
DO (mg L-1) 5.75 ± 0.20 5.83 ± 0.28 5.67 ± 0.28 5.53 ± 0.22 5.11 ± 0.35 
* Means ± SE with the same letter in the same row were not significantly different (p > 0.05).  
** N.A.: not available (rotifers did not grow).  
*** The triplicate data in 0.25x106 cells mL-1 treatment were pooled for the µexpo calculation. In other 
treatments, the replicate data were individually used for the µexpo calculation.  
Time (d)

















  0.19 x106 cells mL-1 
  0.58 x106 cells mL-1  
  2.81 x106 cells mL-1  
  9.37 x106 cells mL-1 
 44.0 x106 cells mL-1 
tif
e
Figure 3.1 Rotifer counts at different densities of  
N. oculata
The growth curves (mean rotifer counts ± SE) for B. rotundiformis fed N. oculata 
are illustrated in Figure 3.1 and 
summarized in Table 3.1. The 
rotifer growth curve for the 
16.0x106 cells mL-1 treatment 
increased throughout the 
experimental period (Day 0-6). 
Other rotifer growth curves 
increased from Day 1, then 
continued until decreasing on 
Day 2, 3, 6, and 6 for N. oculata density treatments at 0.25, 1.0, 4.0, and 64.0x106 cells 
mL-1, respectively. Results of the one-way ANOVA indicated that algal feed ration had a 
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significant effect (p < 0.001) on rotifer counts. Results of Tukey’s multiple comparisons 
indicated that the highest mean rotifer counts occurred in 16.0x106 cells mL-1 treatment, 
with 4.0 and 64.0x106 cells mL-1 treatments the next, 1.0 and 0.25x106 cells mL-1 
treatments the lowest. The rotifer µ and µexpo for the 0.25, 1.0, 4.0, 16.0 and 64.0x106 
cells of N. oculata mL-1 feed rations were also listed in Table 3.1. Statistics of one-way 
ANOVA indicate that feed ration had a significant effect (p < 0.001) on µ and µexpo. For 
the mean µ, results of Tukey’s multiple comparisons indicated that the 16.0x106 cells  
mL-1 feed ration treatment was significantly higher than that at 4.0 and 64.0x106 cells  
mL-1 feed ration treatments (p = 0.030), with 1.0x106 cells mL-1 the lowest. However, for 
the mean µexpo, results of Tukey’s multiple comparisons indicated that feed ration 
treatment at 16.0x106 cells N. oculata mL-1 was the best, 4.0, 1.0 and 64.0x106 were the 
next, and 0.25x106 was the last (Table 3.1).  
Egg ratios exhibited sinusoidal patterns, ranging from 0.11 (0.25x106 cells mL-1 
treatment on Day 2) to 0.93 
(64x106 cells mL-1 treatment on 
Day 4) (Figure 3.2). It is 
indicated that there is a one-day 
time lag in rotifer count with 
respect to the egg ratio (Figures 
3.1 and 3.2). In addition, 
microscopic inspection indicated 
that the number of eggs carried 
by a single female rotifer increased from one up to five as algal density increased from 
0.25 to 64x106 cells mL-1. This could be attributed to the increased egg ratio at higher 
Time (d)

















Figure 3.2 Egg ratio of rotifer B. rotundiformis fed 
different densities of N. oculata 
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feed rations (Table 3.1). Results of the one-way ANOVA with egg ratio as the dependent 
variable indicated that feed ration had a significant effect (p = 0.010). Results of Tukey’s 
multiple comparisons of mean egg ratios indicated that 64.0 and 16.0x106 cells mL-1 
treatments were the best, and 0.25x106 cells mL-1 were the worst (Table 3.1).  
The higher mean egg ratios (0.28-0.74) were observed in the growth trials of B. 
rotundiformis fed N. oculata (Figure 3.2). It is known that an egg ratio threshold nearing 
0.10 provides a rotifer culture status check. When this ratio falls below 0.10, populations 
are under a nutritional limitation and have a low growth potential (Snell et al. 1987, 
Korstad et al. 1995, Yúfera et al. 1997). In the present work, most egg ratios were above 
0.20 (up to 0.93), thus, the rotifer culture was in active growth status. It was observed that 
most of the egg ratio changes preceded rotifer density changes by about one day (Figures 
3.1 and 3.2). This agrees with the conclusion that the number of eggs signifies the rotifer 
culture state for the forthcoming 24 h under a steady culture (Lubzens and Zmora 2003). 
Thus, egg ratios could be a simple but important indicator of rotifer culture status 
(Lubzens and Zmora 2003). 
A (106 cells mL-1)




















Figure 3.3 Nonlinear regression of the Monod 
curve for B. rotundiformis fed N. oculata 
Determination of Monod Kinetics for 
B. rotundiformis Using Non-linear 




Burk analyses were used to estimate 
µmax, KA, and to calculate rotifer 
yield “Y” (Figures 3.3 and 3.4, Table 
3.2). As microalgal density increased, 
µ tended to increase while yield (Y) 
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decreased (except at 16.0x106 cells) 
(Figure 3.5). A fitting curve of Y 
against “A” was plotted, and a trend 
of Y = 20.86e-0.5123 A is shown in 
Figure 3.5. 
The rotifer growth rates in 
their exponential growth phase (µexpo) 
tend to increase with increasing algal 
densities except the 64.0x106 cells 
mL-1 treatment (Table 3.1, Figure 3.3). A similar trend of specific growth rate was 
reported for B. rotundiformis (small type B. plicatilis) fed Chlorella sp. (Endo and 
Mochizuki 1979). An ingestion rate of B. plicatilis fed Isochrysis galbana was reported 
varying with the food concentration (0.13-64 mg C L-1) (Korstad et al. 1989b). Based on 
this, the above trend could be attributed to the increasing of ingestion rate of B. 
rotundiformis when the food concentration increased (Navarro 1999). B. rotundiformis is 
very efficient in transforming the ingested energy into the biomass (Navarro 1999). The 
higher the food concentration (until the saturation concentration, which is about 4.0x106  
A-1 (10-6 mL cell-1)























Figure 3.4 Lineweaver-Burk plot of the growth 
curve for B. rotundiformis fed N. oculata 
Table 3.2 Summary of Monod kinetics (mean ± SE) of rotifer (Brachionus rotundiformis) 
fed Nannochloropsis oculata using non-linear regression and Lineweaver-Burk analyses 
Parameter Value (units) Method 
0.19 ± 0.12  
(x106 cells mL-1) 
2.29 ± 1.44 
(mg algal biomass L-1) 
Non-linear regression 
0.30 ± 0.20  
(x106 cells mL-1) 
3.61 ± 2.40 




   
0.67 ± 0.07 (d-1) Non-linear regression 







(rot (106 cells)-1) 
150-1610  
(rot (mg algal biomass)-1)
-- 
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cells mL-1 in this case, Figure 3.3), the more reproduction energy is available through the 
increased rotifer ingestion rate. This could result in higher rotifer growth rates. The 
saturation algal density seems to be between 4.0 and 16.0x106 cells mL-1 in terms of µ 
(Table 3.1, Figure 3.1), and about 
16.0x106 cells mL-1 if accounting for 
µexpo (Table 3.1, Figure 3.3). However, 
a trend of Y decreasing exponentially 
with increasing “A” indicated that a 
relatively lower feeding level resulted 
in a relatively higher feed conversion 
ratio (Figure 3.5). Thus, considering 
the feeding efficiency (Yield), a 
relatively lower feeding level (e.g., < 4.0x106 cells mL-1) was suggested for a rotifer mass 
production system. This is also in agreement with the incipient limiting level (ILL) of 
about 1.0x106 cells mL-1 N. oculata for B. rotundiformis (Navarro 1999). 
A (106 cells mL-1)


























Figure 3.5 Yields of B. rotundiformis fed at 
different concentrations of N. oculata
The precision of predicting the growth kinetics depends to a great extent on the 
fitting technique (Currįe 1982). The Lineweaver-Burk plot takes the inverse of the 
Monod equation and transforms it to a double-reciprocal plot of 1/µ versus 1/A. The 
Hanes plot, although not applied here, minimizes the distortions in experimental error by 
multiplying A of the Monod equation and transforming it to a plot of A/µ versus A. Both 
the Lineweaver-Burk and the Hanes plots are linear transformations and thus can produce 
a strong bias of the true values (Dowd and Riggs 1965). The non-linear fitting technique 
gives unbiased parameters based on statistical rules (i.e., least-square optimization, 
goodness of fit). Theoretically, parameters determined by non-linear regression analysis 
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should be more precise than those by other linear regression methods (e.g., Lineweaver-
Burk).  
Monod kinetics varies for different rotifer species, feed type and other culture 
conditions (e.g., temperature, salinity). A variety of µmax values (ranging from 0.58 to1.67 
d-1) have been reported for different Brachionus sp. (Endo and Mochizuki 1979, Boraas 
1983, Rothaupt 1985, Walz 1993g, Santander 1999). For B. plicatilis, which is a species 
close to B. rotundiformis, the µmax of 1.67 d-1 and 1.50 d-1 were reported by feeding 
Chlorella sp. and Chaetoceros muelleri, respectively, by Endo and Mochizuki (1979) and 
Santander (1999). Present work showed that µmax of B. rotundiformis fed N. oculata 
ranged from 0.67 to 0.70 d-1 by different parameter estimation methods (Table 3.2). The 
µmax value obtained here is lower than the 1.0 d-1 estimate reported for B. rotundiformis 
fed Chlorella sp. (Endo and Mochizuki 1979). This could be attributed to the difference 
in microalgal species. Also, the values (0.67 and 0.70 d-1) fall in the above reported µmax 
range (0.58-1.67 d-1), but are lower than that of B. plicatilis (1.50 or 1.67 d-1) (Endo and 
Mochizuki 1979, Santander 1999).  
The range of KA of B. rotundiformis fed N. oculata, in this work, was 2.29-3.61 
mg TSS L-1 (or 0.19 to 0.30x106 cells mL-1) (Table 3.2). The KA values in TSS (2.29 and 
3.61 mg alga biomass L-1), obtained by non-linear regression and Lineweaver-Burk 
methods, were close to that of 3.00 mg L-1 for B. plicatilis fed Chaetoceros muelleri 
(Santander 1999) and that of 4.05 mg L-1 for B. angularis fed Stichococcus bacillaris 
Walz (1993a). However, the value in cell counts (0.19 or 0.30x106 cells mL-1) is much 
lower than a KA of 1.47x106 cells mL-1 for B. calyciflorus fed Chlorella pyrenoidosa 
(Boraas 1983). This could be attributable to the differences in both rotifer species and 
algal feeds. 
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Rotifer yield ranged from 150 to 1610 rot mg-1 (or 1.81-19.32 rot (106 cells)-1) N. 
oculata for B. rotundiformis. The yield of 500 rot mg-1 Chaetoceros muelleri for B. 
plicatilis (Santander 1999) fell in the above range, despite some differences in the rotifer 
and microalgal feeds. Other rotifer yields in different units (mg rotifer TSS (mg algae 
TSS)-1) such as 0.25 mg rot mg-1 Chlorella pyrenoidosa and 0.34 mg rot mg-1 
Stichococcus bacillaris were reported for B. calyciflorus (Boraas 1983) and B. angularis 
(Walz 1993c), although they are not comparable to the results in this work due to the 
different bases used. The rotifer yields (Y) tended to decrease as the microalgal density 
increased, except at 16.0x106 cells L-1 (Figure 3.5). This could suggest that a middle to 
low microalgal feed density (matching with µ, Figure 3.3) instead of the higher should be 
employed to improve the culture efficiency (rotifer yields) in culture practice. 
Furthermore, the higher feed density could result in a higher feed cost and quicker water 
quality deterioration. Corresponding to the low feeding level (< 4.0x106 cells mL-1) 
obtained in this work and suggested for rotifer mass production system, about 1.0x106 
cells mL-1 N. oculata for B. rotundiformis was indicated by Navarro (1999) as an 
incipient limiting level (ILL). This could still be a reference for a feeding level for B. 
rotundiformis, although it is rotifer size-dependent. 
SUMMARY 
The effects of Nannochloropsis oculata density on the growth dynamics of B. 
rotundiformis (S-type) were investigated using the “rotating culture” method. Rotifers 
were batch cultured at 5 rot mL-1 initial density in 2-L flasks at 30oC and 15 ppt salinity 
and cultures “renewed” every 24 h. Results indicated that apparent net rotifer growth 
rates during the exponential growth phase (µexpo) were 0.26, 0.59, 0.62, 0.75, and 0.55 d-1 
for rotifers fed N. oculata at 0.25, 1.0, 4.0, 16.0, and 64.0x106 cells mL-1. Monod kinetics 
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of rotifer (B. rotundiformis) fed N. oculata were determined by non-linear regression and 
Lineweaver-Burk methods. Main parameters such as µmax, KA, and Yield were 0.67-0.70 
d-1, 0.19 to 0.30x106 cells mL-1 (or 2.29-3.61 mg microalga biomass L-1) and 1.81-19.32 
rot (106 cells)-1 (or 150-1610 rot (mg alga biomass)-1), respectively. Considering both the 
feeding efficiency (Yield) and rotifer growth rate, a relatively lower feeding level (e.g., < 
4.0x106 cells mL-1) was suggested for the mass production of B. rotundiformis fed N. 
oculata. The determination methods were also compared and implications of applying the 
Monod equation to predict rotifer population dynamics in rotifer culture practice were 
suggested. 
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CHAPTER 4 
THE DESIGN OF A TURBIDOSTAT CULTURE SYSTEM FOR  
S-TYPE ROTIFERS (BRACHIONUS ROTUNDIFORMIS) 
 
INTRODUCTION 
Global mariculture expansion is hindered somewhat by a bottleneck in 
larviculture (Suantika et al. 2000, Lubzens et al. 2001, 2003). There is a lack of a 
continuous, stable, and reliable supply of nutritionally adequate and cost-effective live 
feeds (especially rotifer Brachionus) to get marine finfish larvae through the first weeks 
of life (Suantika et al. 2000, Lubzens et al. 2001, 2003). A key issue related to this 
bottleneck is the instability of high density rotifer cultures. This makes rotifer mass 
production unpredictable (Dierckens 2005) and  forces hatcheries to keep several back-up 
cultures to reduce the risk of an inadequate food supply for fish larvae (Candreva et al. 
1996, Hagiwara et al. 2001). Advancements in rotifer culture system design are needed to 
be able to effectively move toward adequate commercial production. In the United States, 
the commercial production of rotifers relies on one supplier (Reed Mariculture Company, 
Campbell, CA, USA), which markets L-type rotifers. With the increased interest in 
commercializing more subtropical marine finfish species that produce smaller gaped 
larvae, the demand for smaller live feeds will grow (i.e., Hagiwara et al. 2001, Lubzens et 
al. 2001, Lubzens and Zmora 2003, Olsen 2004). Thus the design of rotifer production of 
Brachionus rotundiformis (S-type) will be needed. 
Several physical, environmental and physiological parameters must be considered 
for proper system design, including culture method, water quality control and harvest 
techniques (i.e., Yoshimura et al. 1996, Abu-Rezeq et al. 1997, Hino, et al. 1997, Dhert et 
al. 2001, Lubzens et al. 2001). First, the selection of culture method is critical to rotifer 
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mass production. In comparison with the batch culture techniques, continuous cultures 
(i.e., chemostat or turbidostat) are considered more promising and reliable for stable and 
cost-effective rotifer production (i.e., Dhert et al. 2001, Lubzens et al. 2001, Lubzens and 
Zmora 2003). Chemostats are designed for constant input of limiting medium/nutrients 
by which the growth rate of the culture organisms is maintained constant (Droop 1975, 
James et al. 1988). In contrast, turbidostats are continuous culture devices where the 
population density of an organism is held constant (Hill 1985, Boraas and Bennett 1988, 
Rusch 1992, Bennett et al. 1993) by continually/automatically adjusting the washout rate 
or harvest rate to offset the variations (Laing and Jones 1983, Rusch 1992). Both 
chemostat and turbidostat cultures offer easier manipulation of rotifer physiological and 
nutritional quality. The log-phase rotifers can be harvested continuously, and their 
nutritional quality is maintained by providing adequate food organisms (James et al. 1987, 
James and Abu-Rezeq 1989a and b, 1990). Turbidostats have some advantages over 
chemostats. Even under steady-state conditions, it is not uncommon for chemostats to 
exhibit fluctuations or oscillations, especially when operating at low dilution rates (James 
and AbuRezeq 1989a, Rothhaupt 1993c, Walz et al. 1997). Turbidostats can effectively 
regulate biomass in the system, and thus can be safely operated at higher dilution rates 
(Boraas and Bennet 1988, Bennett and Boraas 1993, Walz et al. 1997). Subsequently, a 
relatively steady rotifer population with a higher growth rate could be achieved and 
maintained (Bennett and Boraas 1988). 
Second, the control and maintenance of favorable rotifer culture conditions are 
design prerequisites for any commercial, high-density rotifer culture. The main issues that 
could result in a system instability include the build-up of molecular ammonia (Yu and 
Hirayama 1986), over- and under-feeding, excessive foams (fine solids), and the presence 
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of harmful bacteria (Yu et al. 1990) and protozoans such as Euplotes and Uronema 
(Hagiwara et al. 1995b, Hagiwara et al. 2001, Hoff and Snell 2001). Additionally, several 
cues (e.g., salinity, temperature, nutrition, population density, and genetic factors) have 
been identified via laboratory experiments that could trigger/initiate meiosis in diploid 
mictic (sexual) females and thus reduce apparent rotifer productivity (Lubzens and Zmora 
2003). Proper temperature, salinity, diet, dissolved oxygen and low molecular ammonia 
in the culture water are assumed physiologically critical to stable rotifer growth 
(Hirayama and Kusano 1972, Hagiwara et al. 2001). Salinity and temperature are 
regarded as two of the most critical environmental factors (potential cues) that could 
affect the reproductive strategy of rotifers (Lubzens and Zmora 2003), and both should be 
maintained relatively stable to achieve culture stability and longevity. Previous studies 
have shown that 30oC/15 ppt is an optimal temperature/salinity combination of those 
studied for B. rotundiformis (S-type) growth (Chapter 2). However, even under optimal 
temperature and salinity conditions, rotifer cultures can collapse due to sudden changes in 
other physical and chemical parameters, feed-related problems and/or biological 
problems (Dierckens 2005). These possibilities must also be addressed during the design 
phase.  
Low dissolved oxygen (DO) can significantly affect rotifer production 
(Yoshimura et al. 1994a). A DO level above 4 mg L-1 has been suggested for rotifer 
cultures (Fulks and Main 1991). Many factors impact DO levels in the rotifer cultures. 
Fukusho (1989a) reported that the oxygen consumption rate for B. plicatilis and B. 
rotundiformis increased from 7.07, 10.04, to 16.48x10-5 mL ind.-1 d-1, when the 
temperature increased from 20, 25 to 30oC, respectively. Also, the increase of feeding 
level can result in the rotifer oxygen consumption rates increasing from 2.4 to 16.8x10-5 
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mL rot-1 d-1 (Hirata and Yamasaki 1987). Higher rotifer productivity can be achieved by 
using pure oxygen instead of common aeration from air compressors (i.e., Yoshimura et 
al. 1994a, Olsen 2004). However, the use of pure oxygen to increase culture productivity 
must be weighed against the incremental additional cost (Yoshimura et al. 1994a, 1994b). 
Provided no supplemental oxygen is supplied, a density at 103 rot mL-1 level is suggested 
as the potential upper limit for a stable rotifer production operation (Olsen 2004). 
Molecular ammonia build-up is a major inhibiting factor for high density rotifer 
cultures (Fulks and Main 1991, Hoff and Snell 2001) and should be well controlled. An 
ammonia excretion rate of 1.41±0.87x10-4 µg NH4-N h-1 ind.-1 was reported for B. 
plicatilis fed Nannochloropsis oculata (Hirata and Nagata 1982, cited in Lubzens 1987). 
Unexpected sudden decreases or suppressed growth has been observed as a result of 
elevated molecular ammonia in high density (103-104 rot mL-1) rotifer cultures (Yu and 
Hirayama 1986, Fulks and Main 1991 Yoshimura et al. 1996). To further quantify the 
effects of molecular ammonia, Brachionus ammonia excretion rates and some toxicity 
indices (e.g., median lethal concentration or LC50) have been determined (Hirata and 
Nagata 1982, Yu and Hirayama 1986, Hoff and Snell 2001). Yu and Hirayama (1986) 
reported a 24-h LC50 of 17.0 mg NH3-N L-1 for marine Brachionus cultured at 23oC. 
Likewise, the molecular ammonia resulting in a 50% reduction in population growth rate 
and fecundity have been reported to be 13.2 and 7.8 mg L-1, respectively (Yu and 
Hirayama 1986). Yu and Hirayama (1986) further indicated that the density of B. 
plicatilis decreased with increasing molecular ammonia and adopted “no-effect” 
concentrations of 2.1 and 2.4 mg N L-1 for the intrinsic rate and net reproduction rate of 
population growth, respectively. Contrarily, Hoff and Snell (2001) recommended a 50% 
lower molecular ammonia concentration (< 1 mg N L-1) for rotifer cultures. Although low 
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pH can temporarily shift toxic molecular ammonia (NH3) to non-toxic ionic ammonia 
(NH4+)(Yoshimura et al. 2003), other ammonia removal measures should be taken (i.e., 
Suantika et al. 2003, Yoshimura et al. 2003, Bentley et al. 2005) for rotifer culture 
longevity.  
Feed type, feed ration and feeding frequency impact rotifer quality, rotifer growth 
rate, feed costs and culture water quality (Lubzens et al. 2001). N. oculata has been 
widely applied in rotifer cultures (Yúfera and Navarro 1995, Navarro and Yúfera 1998a 
and b, Navarro 1999, Bentley et al. 2005) as one of the most convenient rotifer food 
sources (Lubzens and Zmora 2003). A feed ration of 1.0-1.5x105 cells N. oculata rot-1 d-1 
has been estimated for Brachionus plicatilis (Fushimi 1989). Continuous feeding is 
suggested to achieve a constant supply of high quality rotifer products, and thus 
avoid/reduce the poor growth and high mortalities in larval fish cultures (Lubzens et al. 
1989). 
Fine suspended solids in high density rotifer cultures should be removed to 
maintain a sanitary rotifer culture condition and to reduce rotifer losses due to foams 
(Yoshimura et al. 1997, 2003, Suantika et al. 2003). The high loading of suspended 
organic solids (rotifer feces, amictic egg shells, and probionts including bacteria, 
protozoa and fungi) in high-density rotifer cultures can interfere with the rotifer harvest 
and feeding of fish larvae (potentially detrimental to the health of both rotifers and the 
larvae that feed on them) (Fushimi 1989, Yoshimura et al. 1996, 1997, Lubzens et al. 
2001). Foams (i.e., fine solids) caused by aeration can cause losses of up to 10% of tank 
volume and 50% of rotifer biomass through foam overflow (Yoshimura et al. 1997). For 
foam removal, several methods (e.g., filtration with a membrane filter, defoamer and 
foam fractionator) have been used (Suantika et al. 2003, Yoshimura et al. 2003, Bentley 
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et al. 2005). Although the membrane filtration (Yoshimura et al. 2003) and air-water lift 
floccules trap (Suantika et al. 2003) are efficient, some problems still exist with trapping 
the feed and keeping rotifers in the culture system. A defoamer also has some 
disadvantages, such as potentially toxic side-effects, increasing the viscosity of culture 
water and reducing the oxygen exchange rate between air and water (Yoshimura et al. 
1997). Recently, a foam fractionator/separator (or protein skimmer) has been reported in 
recirculating culture systems (i.e., Suantika et al. 2003, Suzuki et al. 2003, Csordas and 
Wang 2004).  
Third, the reduction of rotifer production costs using computer automation 
techniques is one of the major goals for rotifer system commercialization. Daily rotifer 
harvest using the manual counting method (i.e., Yoshimura et al. 1996, Suantika et al. 
2003, Bentley et al. 2005) and large volume harvest in a short time (Fushimi 1989, Fulks 
and Main 1991) can be very time-consuming, adding to the total rotifer production costs. 
However, rotifer harvest using computer automation on a continuous/continual basis (i.e., 
Abu-Rezeq et al. 1997, Fu et al. 1997) is labor reducing, and holds great promise.  
The objective of this paper is to present a design of an automated turbidostat 
culture system for Brachionus rotundiformis (S-type) that focuses on water quality (pH, 
ammonia) control, continuous harvest, and foam removal to maintain culture longevity. 
SYSTEM DESIGN 
The main components of the 40-L pilot-scale turbidostat system include a culture 
reactor, down-flow biofilter, foam fractionator, air-lift pumps, rotifer harvester, water 
reservoir tank, and feeding, and pH adjustment units (Figure 4.1). The culture reactor is a 
40-L cylindrical, polyethylene tank with a conical bottom (D = 38.10 cm or 15", H = 
60.96 cm or 24"). A 55-µm central cylindrical rotifer screen (D = 27.94 cm or 11", H = 
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45.72 cm or 18") is embedded inside of the tank as the rotifer culture reactor (the 
useful/effective rotifer culture volume (Vr) enclosed in the 55-µm screen is 19 L). The 
biofilter is a 15-L column (D = 15.24 cm or 6", H = 60.96 cm or 24") packed with 7-L 
KMT media. The rotifer harvester was a 20-L bucket (D = 27.94 cm or 11", H = 35.56 
cm or 14") with a 55-µm mesh screen (D = 16.51 cm or 6.5", H = 40.64 cm or 16") 
embedded inside. 
A 1-µm polypropylene cartridge filter (Aquatic Eco-systems, Inc., Apopka, FL) 
was used for tap water treatment (to eliminate potential contamination organisms or their 
eggs). A 40-L saltwater tank (D = 38.10 cm or 15", H = 60.96 cm or 24") was used as a 
saltwater reservoir. The gravity flow from the tank reservoir (15-ppt saltwater) to the 
screen of the rotifer tank was controlled by a floating valve (Figure 4.1). Microalgae and 
1.0 moL L-1 NaOH solution (gravity flow into the rotifer tank) was controlled by solenoid 
valves (Figure 4.1). The rotifer harvest from the culture reactor to the rotifer harvester 
was controlled by another solenoid valve (Figure 4.1). Two airlift pumps drove the water 
recirculation in the system. Culture water containing microalgae between the screen and 
the culture reactor was driven by one airlift pump through a “U”-shape pipe, where 
turbidity, temperature, salinity, and pH sensors were attached. The culture water flowed 
downward through the column biofilter (and/or a stand-by foam fractionator), and was 
airlifted back into the culture reactor. Rotifer and microalgae water inside the culture 
reactor flowed downward through the rotifer sensor, and was then airlifted back into the 
reactor (Figure 4.1). 
Biofilter
A downflow column biofilter with low-density (180 Kg m-3) and high-porosity 
(0.73) KMT media was employed for ammonia removal in the rotifer system. The KMT 
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media has a diameter of 10 mm, length of 7 mm and assumed specific surface area (SSA) 
of about 820 m2 m-3. The high porosity of KMT media allows the microalgal feed water 
to freely pass through the biofilter. Aside from the media selection, a “downflow” design 
for the column biofilter further reduces microalgal loss (catchment) through the biofilter. 
The biofilter was sized to maximize nitrification. The ammonia loading rate (LTAN, where 
TAN = total ammonia nitrogen) in the system was calculated in terms of the higher 
nitrogen loading level from either the rotifer ammonia excretion rate or the microalgal 
feed rate. The rotifer density (R) in the culture reactor tank was assumed to be 103 rot 
mL-1. The ammonia excretion rate of B. rotundiformis cultured on N. oculata was 
assumed similar to that of B. plicatilis at 30oC (1.41±0.87x10 -4 µg NH4-N rot-1 h-1, Hirata 
and Nagata 1982, cited in Lubzens 1987). Then the calculation of system ammonia 
loading rate from rotifer ammonia excretion rate is straightforward, i.e., the product of 
the rotifer biomass in the tank and the ammonia excretion rate of B. plicatilis: 
(L)reactor  culturerotifer  of  volumeculture      V
)mLrot  (10reactor  culturein density rotifer         R
)d TAN (gnk rotifer tain  loading TANdaily    L
mL  toL fromfactor  conversion    10
hours day to fromfactor  conversion      24
 :where


















Calculating the system ammonia loading rate from microalgal feed sources 
(nitrogen) is not as straightforward. The following assumptions and design calculations 
were applied. First, Hino et al. (1997) indicated B. rotundiformis devotes 18% of the 
ingested nitrogen (in the form of N. oculata) to growth, 5% to excretion, and 77% for 
egestion. Thus, only a portion instead of all (100%) of the nitrogen source was assumed 
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to be treated as ammonia. Second, to calculate the system ammonia loading rate from the 
feed, it was assumed that microalgae (N. oculata) were the only nitrogen source into the 
rotifer culture tank, and there was no further microalgae growth in the rotifer culture tank 
since it is kept in the dark. The percentage of nitrogen (dry weight) of the microalgae 
( ) was assumed to be 7.2% or 0.072 (Chapra 1997), and the rotifer 
consumption rate of N. oculata was assumed to be 1.0-1.5x10
116110263106 PNOHC
5 cells rot-1 d-1 (Fushimi 
1989) or 1.25-1.88 x10-7  g dry weight algae d-1:  
)d algaedry wight  (gnk rotifer tain  loading feed algadaily     L
1997) (Chapra )PNOH(C algae""in  t)(dry weigh percentagenitrogen     0.072
:where









Based on Eqns 4.1 and 4.2, the daily TAN loadings (LTAN) were estimated to 
range from 6.43x10-2 g TAN d-1  to 1.71-2.57x10-4 g TAN d-1. The higher loading was 
chosen for biofilter sizing. The sizing of the KMT biofilter was estimated by the modified 
Eqn. 4.3 (Timmons et al. 2001). Besides a 30% accounting for the system nitrogen losses 
and in-situ nitrification effects (Is), another 30% was employed as a safety factor.  
)d media) (m TAN (g ratio conversion TAN  c volumetri  VTR
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Flow rate through the biofilter was determined by Eqn. 4.4. It was assumed that 
biofilter was at a steady state and the inlet and outlet TAN concentrations for the biofilter 
were 0.5-1.0 and 0.1 mg N L-1, respectively. 
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Based on the biofilter sizing, a 15-L column biofilter (D = 15.24 cm or 6", H = 
60.96 cm or 24") was used, and a Vmedia of 7.0 L KMT media was packed in the biofilter 
column. The water flow rate through the biofilter ranged from 0.73 (at 1.0 TAN 
operational level) to 1.65 (at 0.5 TAN operational level) L min-1.  
Foam Fractionator
A foam fractionator was designed to treat the fine solids (< 30 µm) in the rotifer 
system. The daily TSS loading (foam creation and the corresponding protein removal) to 
be removed by the foam fractionator was assumed to be 30% of the corresponding daily 
feed TSS. Other fine solids generated (including the balance between the fine solids 
ingested and egested or excreted by cultured rotifers) were assumed to be assimilated into 
the rotifer biomass or lost in either harvest events or settlement drainage events. 
Based on the above TSS (fine solids) loadings assumed for the foam fractionator, 
Eqns. 4.5-4.9 (modified from Timmons et al. 2001) were employed for the foam 
fractionator design. The air flow rate and cross sectional area for the foam fractionator 
column were calculated by Eqns. 4.6 and 4.8, respectively. 
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Based on the calculations, a foam fractionator with a capacity of 3.8 L (D = 8.89 
cm 3.5", H = 60.96 cm or 24") was needed. The superficial gas velocity was 0.035 m3 m-2 
s-1, and the bubbling rising velocity was about 0.085 m s-1. The air supply for the foam 
fractionator was maintained at 9.9 L min-1 (21 CFH). 
Air-lift Pumps
Water movement in the rotifer system was performed by two air-lift pumps. Due 
to the tank aeration mainly performed by other methods, the air-lift pumps were not 
necessarily optimized in this case, i.e., L/S ratio (Lift/Submergence ratio) could be lower 
than the optimal range of 0.25-0.33 due to the fixed high submergence (S) and low lift 
(L). However, the rule of thumb length to diameter ratio (L/D) of the riser tube > 50 was 
applied for the design. This allowed the two phases (air and water) to have sufficient time 
to fully develop (Timmons et al. 2001). As for the other functions of airlift pumps, 
although it is minor, the oxygen injection function was also considered in the oxygen 
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balance design. However, the CO2 stripping function of the airlift pumps could be 
masked by a pH adjustment in the automated rotifer system. The air flow rate of the 
airlift pumps was calculated using empirical Eqn. 4.10 (Modified from Loyless and 
Malone 1998): 
).min (L rateinjection Air       Q
)min (L rate flow Water     Q
 :where














 Two airlift pumps (D = 1.91 cm or ¾", S = 116.84 cm or 46", L = 5.08 cm or 2") 
were designed. The water flow rate through the biofilter and rotifer screen driven by 
airlift pumps was between 1-2 L min-1. The air supply to the airlift pump was controlled 
below 1.8 L min-1 (4 CFH).  
The calculation of oxygen mass balance in rotifer system was performed and a 
rotifer oxygen consumption rate of 16.48x10-5 mL ind.-1 d-1 (Fukusho 1989a) was 
assumed. Oxygen consumption from rotifer respiration (3.13 L O2 d-1 or 4.03 g O2 d-1), 
decaying microalgae (12.70 g d-1), and nitrification (4.35 g d-1) were the major oxygen 
demand items in the system. The oxygen flux across the air-water interface was ignored. 
A safety factor of 50% was employed for the oxygen demand calculation. Totally 21.08 g 
O2 was needed daily to meet the oxygen demand of the rotifer system.  
pH Adjustment
To maintain a relatively stable and favorable pH in the rotifer system, the pH was 
automatically adjusted by injecting 1 mol L-1 NaOH solution as needed. As a rule of 
thumb, foam creation and the corresponding protein removal increase with the increasing 
pH (Timmons et al. 2001), e.g., foam fractionators can remove twice the amount of 
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protein concentrations from water having a pH of 8.3 in comparison to water with a pH 
of 5.3) (Timmons et al. 2001). Thus, a pH setpoint of 8.0 (i.e., pH ≥ 8.0) was chosen to 
be favorable for biofilter nitrification, foam fractionation (Malone et al. 1998, Timmons 
et al. 2001) and possibly rotifer survival (for less pH stress) (Hoff and Snell 2001) while 
feeding to the marine larvae. A 2-L container with 1 moL L-1 NaOH solution was used 
for pH adjustment. The pH adjustment was controlled by a RugidTM controller when the 
monitored values from the pH sensor were lower than the pH setpoint. The injection of a 
small volume of the NaOH solution due to pH adjustment was far less than (< 0.1%) the 
rotifer system volume. Even so, the extra small volume added in the pH adjustment event 
will be offset by the next harvest event/cycle. Thus, the volume resulted from the pH 
adjustment was ignored.  
Microalgal Feed 
A 1-L microalgal feed container with a magnetic mixer was put inside of a 1.8-ft3 
feed refrigerator as the rotifer feeding unit. A relatively high-concentration microalgal 
paste solution was well-mixed and evenly injected to feed the rotifers in the tank system 
at 30 min time interval. Similar to the NaOH solution injection in the pH adjustment, the 
injection of small volume of concentrated microalgae at each time interval (30 min) was 
also ignored.  
Process Control  
System monitoring and control were performed using the RugidTM controller 
platform. The mechanical/electrical parts included monitoring units (pH, rotifer turbidity, 
temperature and conductivity/salinity), controlling units (e.g. solenoid valves controlling 
microalgae feeding, rotifer harvesting, and pH-NaOH input), and a RugidTM controller. A 
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Rug9 computer (8-channel analog input, 8-channel digital output/”Relay”, and one flash 
card, Figure 4.2) was used. Based on the simplified flow charts (Figures 4.3-4.4), a rotifer 
Rugid project was developed. The rotifer density was monitored and controlled in terms 
of the turbidity of microalgal water, and feed input was held constant to correlate with 
mean rotifer density at steady state.  
pH and conductivity controllers/amplifiers (Cole-Parmer Company, Vernon Hills, 
Illinois) were powered by 120 VAC. The temperature amplifier/transducer was powered 
by a 12 VDC, and the turbidity light source (635 nm) was powered by a 5 VDC. The 
analog outputs of the pH, conductivity, and turbidity sensors were set as 0-5 V, and the 
analog output of temperature was set as 4-20 mA. Digital output (“0” or “1”) was set to 
turn “OFF” or “ON” the solenoid valves (Burkert Fluid control systems, Germany), 
which were powered by a 120 VAC. For signal noise reduction, shielded wires were used 
for the millivolt (mV) outputs transmission from sensors/probes to the controller. An 
insulated PVC temperature sensor was also used to avoid the interferences among those 
sensors (pH and conductivity sensors with ground loops were suggested for use). 
The controller was used for receiving, processing data and sending programmed 
orders. A 32 Mb Kodak picture card was interfaced with the RugidTM controller for data 
extended memory, and a USB 2.0 Flashcard Reader (Zio Corporation) interfaced with a 
memory card and a laptop for data downloading. A DO datalogger (Model 5100, YSI Inc., 
Ohio) was used to record the DO level in the rotifer tank through an immersed DO probe. 
PRELIMINARY TEST OF ROTIFER TURBIDOSTAT SYSTEM 
The pilot-scale rotifer system was constructed, and all sensors and 
controllers/amplifiers were hooked up to the RugidTM computer and the system (Figures 
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(a) Rotifer culture system   (b) RugidTM Controller 
Figure 4.2 The Rugid TM controlled continuous rotifer culture system and a RugidTM 
Controller 
4.1 and 4.2). A 12-day preliminary trial was performed to test whether the rotifer 
turbidostat system was stable in controlling water quality, foam removal and rotifer mass 
production. All sensors were properly maintained or stored overnight in a proper stock 
solution prior to use. Weekly cleaning of sensors was performed during the pilot trials. 
Sensors were calibrated using the standard solutions (saltwater microalgal TSS, pH 7.0 
and 10.0 solutions, conductivity standard solution) once per week/biweekly. TSS of one 
blank, five dilutions of saltwater microalgae Nannochloropsis oculata and the cell counts 
were used to plot TSS standard curves every two weeks. Turbidity (based on microalgae 
only), pH, conductivity and temperature sensors were calibrated by linear regression 
analyses of mV readings and the known values of available data points (calibration 
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 Input of Constants 
Ro (Turbidity setpoint) = 200 
Rotifer harvest duration t (sec) = 3 
Rotifer harvest gain (sec) Δt = .03
Input of Calibration Parameters 
Calibration: R intercept, R slope  
Rotifer Harvest Constraints 
to -1≤ T ≤to+ 1
Reading Input = Ri   
(Starting Condition) 
Ri < Ro
Rotifer Harvest Output 
Harvest duration t = t + (Ro-Ri)*Δt
Rotifer Harvest 
T = t 
   Figure 4.3 The flow chart for rotifer density control 
Yes
to-1≤ t ≤ to+1 
Rotifer Harvest Output 
Harvest duration t = t - (Ri-Ro)*Δt 
Rotifer Harvest  
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Input of Constants 
pH (pH Setpoint) = 8.0 
 NaOH input duration t (sec) t = 1 
 Input of Calibration Parameters 
pH intercept, pH slope (Automatic 
calibration and save after 
calibrated with pH =7.0  and 10.0)  
 












standard solutions) (Rusch 1992, Theegala 1997). The calibrated parameters (intercept 
and slope) from the linear regressions were input manually or automatically by the 
programming. 
Fifty-g (wet weight) L-1 resuspended microalgae feed (N. oculata) were prepared 
daily, refrigerated, and well-mixed for use. Rotifers, automatically harvested from the 
bioreactor and concentrated in the rotifer harvester, were removed daily and counted. The 
screens in the rotifer bioreactor and rotifer harvester were brushed once per day to reduce 
clogging. The waste that settled on the bottom of the conical rotifer culture tank was 
pHi < pHo
pH-NaOH Output 
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drained manually once daily (about 100 mL). The biofilter was backwashed and the foam 
fractionator was operated on-line for 30-45 min daily to remove microparticles (e.g. 
excess microalgal feed, floccules, ciliates) (Suantika et al. 2000), and to reduce foams 
and possibly, contaminating organisms. 
The rotifer culture tank was held in the darkness to eliminate/minimize microalgal 
growth. The concentrated microalga (resuspended 50 g L-1 commercial N. oculata paste 
solution) was input to the rotifer culture tank in small volumes at each time interval (30 
min). In the rotifer turbidostat, the rotifer population was regulated indirectly; i.e., the 
density (Ri) of microalgal feed (N. oculata) as a limiting factor was monitored optically at 
635 nm light source for turbidity. Each turbidity value was compared with the 
predetermined setpoint of rotifer turbidity (Ro), and used to regulate the delivery rate 
(Boraas and Bennett 1988, Walz 1993e and 1997). Further comparison of the adjacent 
rotifer turbidity values will determine the rotifer harvest duration or harvest rate (H, the 
ratio of daily biomass harvested to the corresponding culture standing crop, d-1). The flow 
chart of turbidity control depicting the important operations was shown in Figure 4.3. The 
system enters a steady state in which the rotifer net growth rate was balanced by the 
harvest rate (H).  
Similarly, the pH was regulated based on the logical comparison between the 
monitoring value and pH setpoint (8.0). Whenever the monitoring value dropped below 
the setpoint, the pH solenoid valve would be switched “ON” and the fixed volume of 1 
mol L-1 NaOH was input to the rotifer tank. No adjustment occurred if pH ≥ 8.0. The 
flow chart of pH control was illustrated in Figure 4.4. A 7.14 g CaCO3 per g NH3-N was 
assumed to be the alkalinity loss rate in response to the biofilter nitrification. This was 
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used to calculate the alkalinity compensation, to keep the alkalinity (above 150 mg 
CaCO3 L-1) favorable for nitrification (Timmons et al. 2001). A manual addition of 
alkalinity (6.69 g CaCO3 d-1 alkalinity or 11.41 g NaHCO3 d-1) was needed. Besides the 
pH control, other water quality was also held relatively stable with a culture temperature 
of 30oC, salinity of 15 ppt, DO > 5.0 mg L-1 and alkalinity > 150 mg CaCO3 L-1 (with 
manual adjustment). The rotifers (B. rotundiformis) were inoculated at 798 rot mL-1 on 
Day 0, and harvesting began at 853 rot mL-1 on Day 5. The mean rotifer density was 815 
± 164 rot mL-1 (546-1060), mean egg ratio was 0.14 ± 0.07 (0.06-0.29) (Figure 4.5) and 
mean daily rotifer harvest was 2.69 ± 0.79 million rot d-1 (1.69-3.96) (Figure 4.6).  
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Daily rotifer harvest 
Harvest rate 
 
Figure 4.5 The changes of rotifer count  Figure 4.6 The changes of daily rotifer harvest 
and egg ratio in the preliminary trial  and harvest rate in the preliminary trial 
 
Relatively stable water quality was also obtained. The mean TAN was 0.248 ± 
0.064 mg NH3-N L-1 (0-0.325 mg NH3-N L-1), the mean NO2-N was 0.266 ± 0.063 mg 
NO2-N L-1 (0.185-0.363 mg NO2-N L-1), and the mean alkalinity was 164 ± 6 mg CaCO3 
L-1 (157-170 mg CaCO3 L-1). The mean pH and salinity were 8.06 ± 0.05 (8.00-8.18) and 
14.41 ± 0.25 ppt (14.25-15.02), respectively (Figure 4.7). And the mean temperature and 
DO were 27.69 ± 0.24oC (17.10-27.88) and 4.84 ± 0.42 mg L-1 (4.47-5.69), respectively 
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(Figure 4.8). Due to the foam fractionator operation at once per day, foams were 
effectively controlled (Figure 4.9). 
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Figure 4.7 The changes of pH and salinity Figure 4.8 The changes of temperature and 
in the preliminary trial         DO in the preliminary trial 
      
a. at 0 min    b. at 30 min 
Figure 4.9 The effects of foam fractionator (FF) operation 
DISCUSSION AND IMPLICATIONS 
Preliminary Test of Rotifer Turbidostat System 
During the 12-day preliminary test, a variation of the rotifer density from 546 to 
1060 rot mL-1 was observed. This could be related to the accuracy of the turbidity sensor 
(Walz et al. 1997) or the programming setpoint chosen. Due to the variability of the 
rotifer density by the indirect method of measuring turbidity (Boraas and Bennett 1988, 
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Walz et al. 1997), either an improved turbidity sensor or direct rotifer monitoring devices 
(e.g., Dierckens 2005) are suggested for a more stable rotifer turbidity system. The mean 
egg ratio of 0.10 signifies that the populations are under a nutritional limitation and have 
a low growth potential, and it also was indicated as an advance warning index for the 
rotifer culture status (Fulks and Main 1991, Korstad et al. 1995, Yúfera et al. 1997, 
Chapter 2). However, a mean egg ratio of 0.14 (with a maximum of 0.29) was observed 
in the preliminary trial. This good rotifer culture status could be attributable to the new 
system design. The 8-d mean rotifer harvest of 2.69x106 rot d-1 was obtained and 
accounted for 17.34% of the total rotifer biomass in the tank. A relatively stable water 
quality was achieved. A pH > 8.0 (Figure 4.7) indicated a successful pH control. Salinity, 
temperature, and DO were also stable and stayed within their appropriate ranges (Figures 
4.7-4.8). These could partly contribute to the stable rotifer culture. The biofilter was not 
fully acclimated. However, mean nitrite-N was 0.363 mg NO2-N L-1 and ammonia-N was 
still well controlled at low levels (mean value was 0.325 mg NH3-N L-1). The foam 
fractionator (FF) functioned efficiently and daily at a 30-min operation which functioned 
well for foam control in this system (Figure 4.9). However, for a further test of the 
designed system robustness, more pilot trials are needed in the future. 
Advantages and Disadvantages of Rotifer Turbidostat System Design 
 
Overall, the design focuses on ammonia removal, foam removal, continual 
feeding and harvesting, rotifer turbidity and pH control, and real time monitoring (pH, 
temperature, salinity, etc.). The design of the downflow column biofilter with low-density 
high-porosity media (KMT media) seems an innovative design for ammonia removal. 
The foam fractionator showed itself to be very efficient in removing nuisance foams 
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(reducing the rotifer loss captured in foams), and theoretically, possibly reducing 
contaminating organisms (e.g. average 40-50 x 20-30 µm Euplotes, Hoff and Snell 2001) 
as well. Besides the above measures, the rotifer culture stability could also be attributed 
to other factors. The continual feeding and harvesting laid a basis for supplying consistent 
nutrition to the rotifers. Turbidity and water quality control (pH, alkalinity) are important 
tools to maintain constant rotifer mass production. From a commercialization perspective, 
the newly designed compact rotifer system can not only reduce the labor and space 
required through computer automation, but also function as a real-time monitoring of 
rotifer turbidity and water quality (pH, temperature, salinity, etc.), which would provide a 
database for effective management of rotifer systems.  
Improved turbidity sensors can increase the accuracy of microalgal concentration 
controls, secure a more stable rotifer production (Boraas and Bennet 1988, Walz et al. 
1997), and provide a more  automatic and accurate quantification of the rotifer densities 
(e.g. Øie 2005) at reasonable cost. Due to the lack of cost-efficient rotifer quantification 
methods, rotifer harvests based on rotifer growth models and turbidity could be 
promising substitutes. Microalgae loss/catchment through a biofilter seems inevitable. 
However, a better performance could be achieved by increasing the hydraulic loading to 
totally fluidize the biofilter media and simultaneously avoid screen clogging.  
SUMMARY  
A 40-L automated rotifer turbidostat system was designed and pre-tested. A 
downflow column biofilter (19-L bioreactor enclosed with 55-µm screen) with low-
density and high-porosity KMT media was employed to remove ammonia, a foam 
fractionator (D = 9 cm, H = 61 cm) was used to reduce foams (fine solids), two air-lift 
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pumps (D = 1.91 cm, S = 116.84 cm, L = 5 cm) were designed mainly for water 
movement. The system’s physical components also included a 10-L rotifer harvester. 
System automation was performed by a RugidTM, which functioned for both monitoring 
(pH, conductivity, turbidity and temperature) and controlling (rotifer harvest, fed input 
and pH adjustment). A 12-d preliminary trial indicated that an average culture density of 
815 rot mL-1, an egg ratio of 0.14, and a rotifer daily harvest of 2.69 million rotifers d-1 
were obtained with relatively stable water quality (pH, temperature, salinity) and efficient 
control of ammonia-Nitrogen (0.325 mg NH3-N L-1), nitrite-Nitrogen (0.363 mg NO2-N 
L-1) and foams. More pilot trials are needed for a further test of the system’s robustness. 
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CHAPTER 5 
THE EFFECT OF HARVEST RATE ON THE DAILY 
PRODUCTIVITY OF S-TYPE ROTIFERS (BRACHIONUS 




Continuous cultures for rotifer production are considered more efficient than 
batch and “thinning” cultures due to their potential to improve culture stability, reduce 
labor and hatchery space, and provide a consistent supply of rotifers (i.e., James and Abu-
Rezeq 1989 a and b, Snell 1991, Fu et al. 1997, Walz et al. 1997, Navarro and Yúfera 
1998a, Suantika et al. 2000, 2001, 2003). Both chemostats (James and Abu-Rezeq 1989a 
and b, Walz 1993e, Navarro and Yúfera 1998a and b) and turbidostats (Fu et al. 1997, 
Walz et al. 1997) have been applied for fully controlled and highly dependable 
continuous rotifer cultures. Generally speaking, turbidostats seem more attractive for 
stable rotifer production because they provide frequent regulation of the biomass and 
turbidity, either directly or indirectly (Walz et al. 1997).  
Optimizing harvest rate (H, the ratio of daily biomass harvested to the 
corresponding culture standing crop, d-1) is a potential strategy for improving rotifer 
productivity in turbidostat culture systems (Navarro and Yúfera 1998a). The principle for 
improving rotifer production in continuous systems relies on the balance between the 
standing biomass and harvest/dilution rate, and the key is to increase the standing 
biomass while maintaining higher reproductive rates. It is well-known that the rotifer 
reproduction rates depend on salinity, temperature, molecular ammonia levels, dissolved 
oxygen, food quantity and quality, and specific rotifer strain selection (i.e., Yu and 
Hirayama 1986, Fulks and Main 1991, Lubzens et al. 2001). Navarro and Yúfera (1998a 
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and b) and Bentley et al. (2005) demonstrated that optimizing food (substrate) types and 
levels contributed to the improved rotifer production. The productivity of B. plicatilis and 
B. rotundiformis in chemostats increased with the food ration of freeze-dried 
Nannochloropsis oculata, although the system efficiency (or rotifer yield, i.e., mg rotifers 
produced per mg microalgae) was the same irrespective of the ration (Navarro and Yúfera 
1998a). Besides the food ration, Navarro and Yúfera (1998a) also indicated that the 
dilution rate determined the rotifer dynamics in a rotifer chemostat. Thus, the harvest rate 
or dilution rate (i.e., the harvest strategy through dilution event) has to be another 
potential parameter that is manageable to improve rotifer productivity. Egg ratio, as an 
important indicator of rotifer culture status (Lubzens and Zmora 2003), directly relates to 
the rotifer production. Although Yúfera and Navarro (1995) and Navarro (1996) suggest 
that progressively younger populations with higher fecundity will occur with an 
increasing dilution rate, few other reports are available for the effects of harvest rate on 
egg ratios. The reason could be that improving a standing crop and optimizing feed 
rations seem relatively simple, but optimizing the harvest rate while maintaining stable 
rotifer cultures is more time-consuming and technically challenging.  
While culture productivity is a function of harvest rate and algal feed strategies, 
the maintenance of culture longevity relies on the ability to maintain water quality 
conditions under variable harvest and feed rates. Ammonia accumulation and toxicity is a 
major factor inhibiting/limiting the propagation of rotifers, and its removal has been a 
challenge (i.e.,Yoshimura et al. 1995, 2003, Suantika et al. 2000, 2001, 2003, Bentley et 
al. 2005). Severe foaming is another notorious inhibitory factor. Excessive foam 
formation can result in a 10% tank volume and 50% rotifer biomass loss in the mass 
culture systems (Yoshimura et al. 1997). pH plays an important role in affecting the NH3-
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N/NH4+-N ratio and other water quality parameters in the rotifer cultures (Hoff and Snell 
2001). A relatively stable pH above 8.0 is assumed to be favorable to biofilter 
nitrification (Malone et al. 1998), foam fractionation (Timmons et al. 2001) and rotifer 
survival (reducing potential pH stress) (Hoff and Snell 2001) while feeding to marine 
finfish larvae (Chapter 4).  
The objectives of this study were to investigate the effects of the harvest rate on 
the mass production of rotifers (B. rotundiformis, S-type) fed N. oculata in a pilot-scale 
rotifer turbidostat system. A secondary objective was to investigate the system 
stability/robustness over one-month culture periods. 
MATERIALS AND METHODS 
Description of Experimental System  
The automated turbidostat system is illustrated in Figure 5.1. The system consists 
of a rotifer culture unit, harvest unit, biofilter, pH adjustment unit, foam fractionator, 
water reservoir, feed supply unit, and two air-lift pumps. The culture unit consists of a 
40-L cylindrical-conical tank (D = 41 cm, H = 61 cm, 40-L water volume) and a 55-µm 
mesh cylindrical screen (D = 30 cm), which kept rotifers inside the screen (19 L rotifer 
culture volume). Water temperature in the rotifer culture unit was controlled by a 150 W 
submersible heater (Second Nature, Oakland, NJ). A RUGIDTM controller was used to 
monitor (pH, temperature, salinity and culture water turbidity) and control the system 
(feeding, harvesting and pH adjustment).  
An air pump (Whitewater® LT28, 130 W, 2 psi) with a 0.2 µm air filter inlet 
provided aeration and drove two air-lift pumps. One of the air-lift pumps was used to 
move the water outside of the screen of the culture unit through the biofilter and/or the 
stand-by foam fractionator and back to mix the water inside of the screen. The second 























AP: Airlift pump     : Flow direction 
BF: Biofilter     --- : Water flow in stand-by mode 
FF: Foam fractionator       : Wiring 
Sensors 
Amplifier RUGID NaOH 
 
Figure 5.1 The automatic continuous rotifer culture system 
airlift pump was employed to move the water inside of the screen through the rotifer 
sensor and back into culture unit. The water flow rate of the air pumps was set around 
1.0-1.5 L min-1. Every 30 minutes, pH, salinity, temperature, and rotifer turbidity in the 
rotifer tank were automatically monitored, and the concentrated algal suspension was 
automatically input based on the designed feed ration in response to the rotifer turbidity. 
The rotifer harvest rate was automatically adjusted based on the preset value at the 
beginning of each trial and the logic comparisons in between the adjacent turbidity 
changes afterwards. pH was automatically controlled above 8.0, and the DO was 
maintained at about 5 mg L-1.   
Investigation of Harvest Rate on Daily Rotifer Productivity and Culture Stability 
The effects of harvest rate on the daily productivity of B. rotundfiormis (lorica 
length: 182 ± 31 µm, n = 126; FL strain, Harbor Branch Oceanographic Institute, Fort 
Pierce, FL, USA) was investigated for three harvest rate levels (0.12, 0.21 and 0.37 d-1). 
Each study was performed for one month at a temperature, salinity and feed ration of 
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30oC, 15 ppt and 1.3x105 cells rot-1 d-1, respectively. The feed ration was selected based 
on the results (1.0-1.5x105 cells rot-1 d-1) reported by Fushimi (1989), while temperature 
and salinity were determined by the author to be optimal.    
The saltwater (15 ppt) in the water reservoir tank was prepared from a 200 ppt 
concentrated, artificial Seasalt Crystal Sea Marinemix® solution (Marine Enterprises 
International, Baltimore, Maryland) and tap water. Both were filtered through a 1 µm 
cartridge filter to eliminate potential contaminating organisms or their eggs (e.g., 
protozoans) (Fu et al. 1997) prior to mixing. The reservoir tank water was aerated and 
aged about one week to reach ionic equilibrium prior to use. A float valve was used to 
control the water flow from the reservoir (tank) to the rotifer culture tank. A refrigerated 
(4oC) and well-mixed resuspended microalgal solution (50 mL “Nanno” Nannochloropsis 
oculata algal paste per liter saltwater; Reed Mariculture Company, CA, USA) was 
automatically supplied into the reactor as the sole rotifer feed every 30 minutes (Chapter 
4). To prevent algal growth the rotifer culture tank was held in the dark during the trials.  
  For each experiment, the system was initially inoculated with 40-60 rot mL-1 and 
operated under batch conditions until the density reached approximately 800-1000 rot 
mL-1. Manual counts of triplicate rotifers (samples in culture reactor and harvester) and 
algae in the rotifer tank were performed under a microscope every 24 h as a check on the 
process control system. Besides the automatic monitoring and/or controlling by RugidTM, 
temperature (thermometer), pH (Orion 720A pH meter) and dissolved oxygen (YSI 550 
DO meter) were measured in-situ daily throughout the experiments. Total ammonia 
nitrogen (TAN, 45000-H+ B), nitrite-nitrogen (4500-NO2- B), nitrate-nitrogen (4410) and 
alkalinity (2320 B) were analyzed daily in accordance with Standard Methods (APHA 
1998). Alkalinity was manually adjusted above 150 mg CaCO3 L-1 weekly as needed for 
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efficient nitrification and system buffering (Timmons et al. 2001). The foam fractionator 
was operated for 30 minutes daily to remove potential contamination and microparticles 
(which partly contributed to forming the nuisance foams). Settleable wastes (rotifer feces, 
amictic egg shells, and probionts including bacteria, protozoan and fungi, etc.) were 
drained daily (about 100 mL) from the conical bottom of the rotifer culture tank. 
Data Analyses 
Daily rotifer harvest data (rot d-1) were averaged over the experimental period. 
Daily volumetric productivity (Pv) was calculated as the daily rotifer harvest divided by 
culture volume (19 L). Volumetric TAN conversion rate (VTR) and volumetric nitrite 
conversion rate (VNR) for the biofilter were calculated using equations from Malone and 
Beecher (2000). The daily mean rotifer counts and egg ratios were calculated from their 
triplicate sampling data directly or indirectly. Statistical analyses were performed using 
SPSS 11.0 (SPSS Inc. 2001). The effects of rotifer harvest rate (H = 0.12, 0.21 and 0.37 
d-1) on water quality (daily mean pH, temperature and salinity from computer monitoring 
data; DO, TAN, nitrite and nitrate from manual measurements), daily rotifer harvest and 
egg ratio were analyzed using one-way ANOVA. Significant differences among their 
means were tested using Tukey’s multiple range comparisons. The means of TAN and 
nitrite-N in the biofilter inlet and outlet (paired) were compared using the paired T-test. 
The Pearson correlations between daily rotifer harvest and rotifer counts, egg ratios and 
rotifer counts were also performed. All tests were judged significant at the 0.05 level. 
RESULTS 
The Changes in Rotifer Harvest Rates 
The variations of the three rotifer harvest rates are illustrated in Figure 5.2. 
Three harvest rates were 0.12 ± 0.02 d-1 (0.07-0.19 d-1, excluding the first day data 0.88 
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d-1), 0.21 ± 0.04 d-1 (0.10-0.27 
d-1) and 0.37 ± 0.07 d-1 (0.12-
0.47 d-1), respectively (Figure 
5.2).  
Effects of Harvest Rate on 
Daily Rotifer Harvest, Rotifer 
Density, Egg Ratios, Algal 
Concentration and Daily Algal 
Consumption 
 
The daily variations of 
B. rotundiformis population 
density for the three harvest 
rate treatments are illustrated in Figure 5.3. During the H = 0.12 d-1 trial, rotifer density 
(742 ± 37 rot mL-1) ranged from 385 (Day 20) to 1197 (Day 25) rotifers. Higher rotifer 
densities of 946 ± 37 (695-1119) and 857 ± 14 (717-976) rot mL-1 were observed for H = 
0.21 and 0.37 d-1 trials, respectively (Table 5.1). Although the mean rotifer counts were 
statistically different (p < 0.001) for the three harvest rate treatments, mean rotifer counts 
ranging from 742 to 946 rot mL-1may not result in significant difference in culture 
practice.  
Time (d)

















Harvest rate 1 (0.12 d-1) 
Mean harvest rate 1 
Harvest rate 2 (0.21 d-1)
Mean harvest rate 2 
Harvest rate 3  (0.37 d-1)
Mean harvest rate 3 
 Figure 5.2 The changes in rotifer harvest rates
Egg ratios for the three treatments ranged from 0.09 (Day 26 in 0.12 d-1 trial) to 
0.52 (Day 22 in 0.12 d-1 trial) during the experimental period (Figure 5.3). Mean egg 
ratios for 0.12, 0.21 and 0.37 d-1 treatments are presented in Table 5.1. The mean egg 
ratio (0.23) for the H = 0.37 d-1 treatment was significantly higher (p = 0.025) than the 
ratios of the other two treatments, although there was no significant difference (p = 0.938) 
between the H = 0.12 and 0.21 d-1 treatments.  
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The mean daily rotifer 
harvests for H = 0.12, 0.21 and 
0.37 d-1 treatments were 
illustrated in Table 5.1 and 
Figure 5.4. Relatively stable 
rotifer harvests were obtained 
during the experimental period 
(33-40 d). An exception is that 
the rotifer harvest decreased 
suddenly on Day 7 in the H = 
0.37 d-1 treatment. This was 
attributed to the malfunction of 
the rotifer harvest valve 
(Figures 5.2 and 5.4). Results 
of one-way ANOVA indicated 
that harvest rate had significant 
effects on rotifer harvest (p < 
0.001).       Further       Tukey’s  
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Figure 5.3 Daily mean rotifer counts and mean egg 
ratios at treatments (a) H = 0.12, (b) H = 0.21 and  
(c) H = 0.37 d-1
  (a) 
(c) 
  (b) 
multiple comparisons indicated 
that mean daily rotifer harvest 
increased with the harvest rate 
(0.12, 0.21 and 0.37 d-1) and H 
= 0.37 d-1 was the best 
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Table 5.1 The Mean, standard error (SE) and range of the biological parameters in the 
rotifer turbidostat 
 
Harvest rate (H)  
Parameter 0.12 d-1  0.21 d-1  0.37 d-1  
____________________________________________________________________ 
Microalgal density 
(106 cells mL-1) 
0.14 ± 0.01* ab
(0.02-0.44) 
0.15 ± 0.04 a
(0.06-0.23) 




742 ± 31* c
(385-1197) 
946 ± 17 a
(695-1119) 
857 ± 14 b
(717-976) 






Daily rotifer harvest 
(106 rot d-1) 
1.68 ± 0.08 c
(0.75-2.85) 
3.70 ± 0.11 b
(1.83-4.50) 
5.89 ± 0.19 a
(2.29-7.20) 
Daily volumetric productivity 
(Pv, 106 rot L-1 d-1) 
0.09 ± 0.00 c
(0.04-0.15) 
0.20 ± 0.01 b
(0.10-0.24) 
0.32 ± 0.01 a
(0.12-0.38) 
Daily algal consumption rate 
(105 cells rot -1d-1) 
1.32 ± 0.03 a
(0.97-1.62) 
1.18 ± 0.01 b
(0.98-1.25) 
1.27 ± 0.02 ab
(1.00-1.38) 
Yield  
(rot (106 cells)-1) 
0.88 ± 0.04 c
(0.39-1.37) 
1.48 ± 0.06 b
(0.82-1.94) 
2.14 ± 0.09 a
(0.95-2.65) 
* indicated the Mean ± SE; the same letter in the same row was not significantly different (p > 0.05). 
treatment with the highest mean daily harvest rate (5.89x106 rot d-1). Daily volumetric 
productivities (Pv) in this system were 0.09 ± 0.01, 0.20 ± 0.01, and 0.32 ± 0.01x106 rot 
L-1 d-1 at mean rotifer densities of 742, 946 and 857 rot mL-1 (Table 5.1). The results of 
the one-way ANOVA indicated that harvest rate had significant effects on daily 
volumetric productivity Pv (p < 0.001) and H = 0.37 d-1 was the best treatment with the 
highest Pv of 0.32x106 rot L-1 d-1 (Table 5.1). Tukey’s multiple comparisons further 
indicated that mean daily rotifer harvests and Pv increased significantly with the 
increasing harvest rate from 0.12, 0.21 to 0.37 d-1. Significant correlations (Pearson 
correlation) were indicated between daily rotifer harvests and rotifer counts (p < 0.001) 
and between egg ratios and rotifer counts (p < 0.001) for all three treatments.  
Microalgal concentrations for the H = 0.12, 0.21, and 0.37 d-1 trials were listed in 
Table 5.1. Although there were significant differences (p = 0.030) between the H = 0.21 
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d-1 (0.15 ± 0.04x106, range: 0.06-
0.23x106 cells mL-1) and the H = 
0.37 d-1 (0.11 ± 0.04x106; range: 
0.02-0.20x106 cells mL-1) 
treatments. In practice, the 
differences are negligible due to 
the error associated with manual 
counts of algal cells. The rotifer 
daily feed ration was maintained 
at 1.7-1.9 mL algal paste (106 rot)-1 d-1 (or 1.18-1.32x105 cells rot-1 d-1). Daily algal paste 
consumption rates were 30.7 ± 0.7 mL (22.5-37.5 mL), 37.4 ± 0.4 mL (31.3-40.0 mL) 
and 41.5 ± 0.5 mL (32.5-45.0 mL), respectively. The daily algal consumption rate for the 
H = 0.21 d-1 treatment was significantly (p = 0.001) lower than that in the H = 0.12 d-1 
treatment, although they did not differ significantly (p = 0.066 and 0.146, respectively) 
from that in the H = 0.37 d-1 treatment (Table 5.1). Mean rotifer yield increased 
significantly (p < 0.001) from 0.88 to 2.14 rot (106 cells)-1 with increasing harvest rate 
from 0.12 to 0.37 d-1 (Table 5.1).  
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Daily rotifer harvest 1 (H = 0.12 d-1) 
Mean daily rotifer harvest 1 
Daily rotifer harvest 2 (H = 0.21 d-1)
Mean daily rotifer harvest 2 
Daily rotifer harvest 3  (H = 0.37 d-1)
Mean daily rotifer harvest 3 
 Figure 5.4 The changes in daily rotifer harvest
Effects of Harvest Rate on Water Quality 
No significant differences in TAN and nitrite-nitrogen were observed within each 
single treatment once the biofilter media was acclimated (Figure 5.5). The mean TAN 
levels for all three treatments remained at or below 0.15 mg NH3-N L-1, and no 
significant difference was observed for different harvest rate treatments (Figure 5.5a). 
Likewise, mean nitrite-N levels for three treatments were at or below 1.56 mg NO2-N L-1 
(Figure 5.5b). The nitrate in the rotifer tank varied and tended to increase during the trials 
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(except the 0.12 d-1 trial). 
Mean nitrate-N for three 
treatments were between 
15.00 and 20.23 mg NO3-N 
L-1 (Figure 5.5c). Statistics 
indicated that there are 
significant differences (p = 
0.021 and <0.001) for nitrite- 
and nitrate-N differences 
under different harvest rate 
treatments (Table 5.2). 
 The volumetric TAN 
conversion rates (VTRs) 
were 19.13 ± 2.93 (0.99 - 
61.71), 14.09 ± 1.24 (1.75 - 
28.80), and 20.24 ± 1.13 
(10.15-32.28) g TAN m-3 d-1 
for the H = 0.12, 0.21, and 
0.37 d-1 treatments. The 
volumetric nitrite conversion 
rates (VNRs) were 52.08 ± 
5.42 (10.56-130.55), 52.74 ± 
9.03 (13.58-218.57), and 
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Table 5.2 The Mean, standard error (SE) and range of the main physical-chemical 
parameters in the rotifer turbidostat 
 
Values  
Parameters 0.12 d-1 H trial 0.21 d-1 H trial 0.37 d-1 H trial 
____________________________________________________________________ 




































Nitrate (mg NO3-N L-1) 15.00 ± 0.80a
(2.30-23.10) 




* indicates the Mean ± SE; the same letter in the same row was not significantly different (p > 0.05). 
** Numbers in the ( ) indicates the range of the parameter. 
*** indicates the Mean ± SE of the overall real data; after some data were statistically removed, the 
means were 0.56 ± 0.09, 0.41 ± 0.05 and 0.34 ± 0.02 mg NO2-N L-1 for the H = 0.12, 0.21 and 0.37 
d-1 trials, respectively. Statistical comparisons were conducted after data removed. 
respectively. Due to the regular operation of the foam fractionator (Chapter 4), no 
obvious foam was observed in the rotifer culture tank. The biofilter had a statistically 
significant ammonia removal effect in the 0.21 and 0.37 d-1 trials (p < 0.001), but was not 
statistically significant in the 0.12 d-1 trial (p = 0.059), which could result from the shorter 
conditioning period of the biofilter media in 0.12 d-1 trial, as the three trials were 
conducted in a time sequence from the H = 0.12 d-1 to the H = 0.37 d-1 trial. The results of 
one-way ANOVA indicated that the effects of the biofilter converting nitrite to nitrate 
were significant in all three trials (p < 0.001). However, the difference between the inlet 
and outlet nitrate indicated that the nitrite conversion effects were only significant in the 
H = 0.12 and 0.21 d-1 trials (p = 0.005 and 0.003, respectively), but not in the 0.37 d-1trial 
(p = 0.23). 
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Mean pH, salinity, 
temperature and DO in the 
three trials are illustrated in 
Figures 5.6-5.9, and the 
statistical results are 
summarized in Table 5.2. 
Statistics indicated a 
significant difference in pH 
and temperature for harvest 
rate trials (p < 0.001 for 
both), but not for DO and 
salinity (p = 0.166, 0.184). 
Alkalinities were controlled 
above 150 mg CaCO3 L-1 
(169 ± 10, 176 ± 43, 169 ± 
9 mg CaCO3 L-1 for the H = 
0.12, 0.21, and 0.37 d-1 
trials, respectively). 
DISCUSSION 
Changes of Rotifer 
Densities and Egg Ratios in 
the Three Trials 
 
During the 0.12 d-1 
harvest rate treatment 
experiment, the lowest rotifer density occurred on Day 20, with a corresponding egg ratio 
Time (d)








H = 0.12 d-1  
H = 0.21 d-1 
H = 0.37 d-1 
 
Figure 5.6 The pH changes in the three rotifer trials 
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Figure 5.7 The salinity changes in the three rotifer trials 
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Figure 5.8 The temperature changes in the three rotifer trials 
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change from Day 21 to 23 
(Figure 5.3). This could be 
attributed to a shift in the 
algal feed source (N. 
oculata; Reed Mariculture 
Company, Campbell, CA, 
USA). Algal feed from 
Innovative Aquaculture 
Company (Vancouver, Canada) was substituted during a 2-d shortage (Figure 5.3). The 
bigger changes of rotifer density and egg ratios that occurred for Days 22-25 in the three 
trials could have resulted from serious screen clogging (Figure 5.3). The statistics 
indicated that the egg ratios significantly correlated with the rotifer counts, which could 
suggest that the egg ratio is an important indicator of rotifer culture status (Lubzens and 
Zmora 2003). The variations of egg ratio and rotifer count curves for the 0.12 d-1 trial 
were bigger than those for the 0.21 and 0.37 d-1 treatments. This could be attributed to 
larger time gap (setpoint) used for controlling/adjusting the RugidTM programming at the 
beginning. More stable production was achieved (Figures 5.3b and c) after the 
modification of the setpoint. Under similar culture conditions (feed type, feed ration, 
temperature, salinity, etc.), the mean egg ratios increased from 0.19 (in the 0.12 d-1 
treatment) to 0.23 (in the 0.37 d-1 treatment) which could be contributed to the harvest 
rate increasing from 0.12 to 0.37 d-1. The effects were statistically significant when the 
harvest rate increased from 0.21 to 0.37 d-1. This is in agreement with the results reported 
by Yúfera and Navarro (1995) and Navarro (1996). At a lower harvest rate, the rotifer 
density is similar to those at which the populations (primarily constituted of old 
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Figure 5.9 The DO changes in the three rotifer trials 
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individuals with a relatively low fecundity) finished the exponential growth while the 
cultures were not diluted (Yúfera and Navarro 1995). However, when the dilution rate is 
increased, progressively younger populations with higher fecundity will occur (Navarro 
1996). 
Effects of Harvest Rate on Rotifer Mass Production
Relatively stable rotifer production was obtained in the H = 0.21 and 0.37 d-1 
trials after the modification of the setpoints (Figure 5.3). Besides the production stability 
in quantity, the strategy in controlling the harvesting rate could provide better nutritional 
consistency (quality) of the rotifers (Øie and Olsen 1997). The strategy of automatically 
harvesting a small volume every 30 minutes may save labor over harvesting a large 
volume once daily (Fulks and Main 1991, Suantika et al. 2003, Bentley et al. 2005). 
Additionally, sudden water quality changes due to such harvest methods could destabilize 
rotifer cultures. It is common practice to feed fish larvae at a relatively high daily feeding 
frequency. Thus, the frequent rotifer harvest method may be amenable to the needs of 
larviculture.  
Based on the Monod equation, by increasing the substrate (e.g., microalgal feed) 
concentration in a range, the rotifer growth rate and the rotifer harvest in steady cultures 
will increase correspondingly. Navarro and Yúfera (1998a) confirmed that under a steady 
state, rotifer production (rot L-1 d-1) increased with the food ration (25, 50, and 100 mg   
L-1) in semi-continuous cultures of Brachionus (B. plicatilis and B. rotundiformis) fed 
with freeze dried Nannochloropsis oculata powder, though the system efficiency was the 
same irrespective of the ration. However, substrate concentrations that are too high could 
contribute to the faster deterioration of the water quality in the culture tank and the 
potential proliferation of contaminating organisms and to increase production costs 
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(Lubzens and Zmora 2003). In this work, a proper substrate concentration was employed, 
and the mean algal (substrate, A) concentration was 1.1-1.5x105 (ranging from 0.6x105 to 
2.2x105) N. oculata cells mL-1 in all three treatments.  
A straightforward strategy in improving rotifer daily harvest (or output) is either 
increasing the rotifer culture density (standing biomass) or optimizing the harvest rate. 
The former strategy seems very efficient (without expanding the space), simple and easy 
to realize. And this has been tested by Fu et al. (1997) and Suantika et al. (2000, 2001 and 
2003). In the present pilot-scale system, the daily volumetric productivity could amount 
to 0.09, 0.20, and 0.32x106 rot L-1 d-1 at mean rotifer densities of 742, 946 and 857 rot 
mL-1, respectively. With no difficulty (James and Abu-Rezeq 1989b, Fu et al. 1997), 
rotifer culture densities may be up-scaled up to the 5000-7000 rot mL-1, as reported in 
continuous rotifer cultures (Suantika et al. 2003). Assuming the present rotifer culture 
density was increased to 5000 rot mL-1 and rotifer productivity had a linear relationship 
with the rotifer culture density, the daily system productivities could amount to 0.60, 1.03 
and 1.81 million rot L-1 d-1, or the daily rotifer harvest could amount to 11.3, 19.6 and 
34.4x106 rot d-1. These results are promising, but more data are needed to justify these 
assumptions. The mechanism of the latter is not clear so far although the optimization of 
the system efficiency will depend exclusively on the harvest rate, if the other factors are 
fixed (e.g., food ration, rotifer density) (Navarro and Yúfera, 1998a). In the present work, 
the mean rotifer harvest increased from 1.68x106 rot d-1 (in the H = 0.12 d-1 treatment) to 
5.89x106 rot d-1 (in the H = 0.37 d-1 treatment) with the harvest rate increasing from 0.12 
to 0.37 d-1 (Figures 5.2 and 5.4), and H = 0.37 d-1 was the best treatment with the highest 
Pv of 0.32x106 rot L-1 d-1 (Table 5.1). For continuous rotifer cultures, the highest harvest 
rate (H =  0.37 d-1) was higher than the 0.10-0.25 d-1 reported for B. plicatilis (Fu et al. 
   100
1997, Navarro and Yúfera 1998b, Suantika et al. 2000), but lower than the 0.60-0.70 d-1, 
which was reported for B. rotundiformis (Fu et al. 1997). However, based on the previous 
work for the same strain rotifer species (Chapter 3), the algal density (0.6-2.2x105 N. 
oculata cells mL-1) employed in three treatments was substituting into the specific Monod 
equation for B. rotundiformis feeding N. oculata at 30oC and 15 ppt (Chapter 3): 
).mL cells (10ion concentrat microalgalsubstrate/ A 
:where







 The calculated rotifer growth rate was between 0.16 and 0.36 d-1. In the present work, 
the highest harvest rate of 0.37 d-1 approached the highest estimated growth rate (0.36 d-1) 
calculated from Eqn. 5.1. This is in agreement with the finding that turbidostats are safely 
operated at higher dilution rates (Bennett and Boraas 1993, Walz et al. 1997). Also it 
agrees with the result that the growth rate of a rotifer population (Brachionus calyciflorus) 
can be controlled in a turbidostat and maintained in a steady state (Bennett and Boraas 
1988). In contrast, chemostats are most effectively used for steady-state measurements at 
specific growth rates, which are between about 5% and 80% of rmax for the population 
(Herbert et al. 1956), but are poor at regulating population growth at high values of 
dilution rate due to the variations in the pumping rate (Bennett and Boraas 1993). Thus, 
to operate at a high harvest rate but simultaneously to avoid a “washout” (D > µmax), 
turbidostats seem a more promising method for improving rotifer productivity and H = 
0.37 d-1 could be the highest harvest rate to achieve the highest daily rotifer harvest and 
Pv under the present culture conditions, although further repeated trials with harvest rate 
greater than 0.37 d-1 are needed.  
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Water Quality 
Except for the probe malfunction on Day 2 in the H = 0.21 d-1 treatment 
experiment, the pH was well controlled above 8.0. This falls in an optimal pH range (7.5-
8.5) for rotifer culture (Hirano 1987, as reviewed in Fulks and Main 1991). The 
controlled pH range and the high alkalinity above 120 mg CaCO3 L-1 are favorable to 
biofilter nitrification (Timmons et al. 2001). Without the pH adjustment, pH in the tank 
tended to decrease with the rotifer culture time (Figure 5.6). This result agrees with that 
shown in the B. plicatilis recirculation system (Suantika et al. 2003). Salinity, 
temperature and DO were not processor controlled; thus they varied within certain ranges 
(Figures 5.7-5.9). Simple aeration (from air compressor) seemed enough to support 
rotifer culture at a density of 1000 rot mL-1 and is cheaper than the cost of a pure oxygen 
supply. However, for a super high density rotifer culture, supplementary pure oxygen 
should be employed (Olsen 2004). Although statistical differences in pH and temperature 
were found among different H trials, in practice the maximum 0.17 pH unit and 0.17oC 
differences among the mean pH and salinity may not have significant effects on the 
rotifer growth or the effects can be ignored. This also works for explaining the statistical 
differences in nitrite (the maximum difference among the H trials is 0.22 mg NO2-N L-1, 
after some data  points were statistically removed) and nitrate-N (the maximum 
difference is 5.23 mg NO3-N L-1) for the different H treatments (Table 5.2). 
During the experimental period (except for the first few days for biofilter media 
conditioning), the TAN tended to decrease at the beginning and then remain relatively 
stable for all the three treatments (Figure 5.5a). The ammonia controlling effects in the 
present work seems better than the rotifer culture experiment (low but slowly increasing 
ammonia levels) by Suantika et al. (2003), although their rotifer culture density reached 
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3000, 5000 and 7000 rot mL-1. The controlled ammonia level (0.00-0.52 mg NH3-N L-1, 
Table 5.2) in the present work were lower than 2.0-5.0 mg NH4-N L-1, which was 
obtained from a high density B. plicatilis recirculation system with  the system 
recirculating rates of 500% and 300%  (Suantika et al. 2000). The averaged NO2-N’s in 
the present work were below 0.5 mg NO2-N L-1 (Figure 5.5b), and lower than those 
reported by Suantika et al. (2003). Although the TAN and nitrite were controlled within 
appropriate limits, the biofilter nitrification efficiency (VTR ranged from 14.09 to 20.24 
mg TAN m-3 d-1) seemed much lower than other reported values of 35-105 g TAN m-3 d-1 
for pressurized bead filters applied to broodstock systems where the designed TAN 
loading is about 0.3 mg TAN L-1 (Malone et al. 1998, Malone and Beecher 2000). This 
could be attributed to the different culture systems (rotifer system versus finfish systems) 
and low specific surface area (SSA) of the media employed in the present system, which 
is less than the 1150-1475 m2 m-3 media employed by Malone et al. (1998). Also, it is in 
agreement with the laboratory and empirical observations that the conversion rate 
declines with the TAN concentrations below about 1.0 mg L-1 (Chitta 1993). Another 
contributing factor could be the low operational TAN loading (mean value of 0.11-0.14 
mg TAN L-1) in the system, which is less than the designed 0.3 mg TAN L-1. Furthermore, 
the biofilter efficiency could also be affected by other factors such as media acclimation, 
backwash method and frequency, flow rate through biofilter bed and water quality (DO, 
pH, alkalinity, etc.) (Malone et al. 1998). Provided that the rotifer system could be 
operated at a higher TAN level, e.g., 1.0 mg NH3-N L-1, but with no observed toxic 
effects to rotifers (TAN toxicity associated with pH), either the rotifer culture density can 
be increased or the media size can be reduced to optimize the system design. A high NO3-
N level (mean value of 15.0-20.2 mg NO3-N L-1) was observed in all three rotifer 
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treatments (Figure 5.5c). For a long-term operation on a recirculating rotifer continuous 
culture system with zero discharge (Suzuki et al. 2003), a denitrification unit should be 
integrated.  
SUMMARY 
Three pilot trials at different harvest rates (0.12, 0.21, and 0.37 d-1) indicated that 
the rotifer continuous culture turbidostat basically met the following design requirements. 
Water quality (pH, NH3-N and NO2-N) was well controlled. The foams were reduced by 
the daily operation of a foam fractionator. The relatively stable rotifer cultures were 
realized through a continual and automated feeding and harvest. Under the current feed 
ration (1.18-1.32x105 cells rot-1 d-1), a stable daily system volumetric productivity of 
0.32x106 rot L-1 d-1 can be achieved in this continuous turbidostat system under a harvest 
rate at 0.37 d-1. Further system improvement could be made through integrating a 
denitrification treatment unit, a higher resolution turbidity sensor (for rotifer 
quantification), and the safe and efficient use of ozone. 
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CHAPTER 6 
THE DEVELOPMENT OF A MECHANISTIC MODEL FOR A 




The stability and predictability of rotifer cultures are problematic even under 
optimal culture conditions (Yu and Hirayama 1986, Candreva et al. 1996, Walz et al. 
1997, Hagiwara et al. 2001). Thus, mathematical models are used to lay out experimental 
designs and interpret results. Monod-based models relate rotifer population dynamics to 
biotic and abiotic environmental variations explaining production fluctuations (Carlotti et 
al. 2000). Properly calibrated these models can be used to manage rotifer production 
(Boraas 1993b, Carlotti et al.  2000), thus reducing dependence on labor intensive 
monitoring tools, such as the swimming speed and egg ratio (Snell et al. 1987, Korstad et 
al. 1995).   
A recirculating rotifer turbidostat (RRT) has been developed to demonstrate the 
feasibility of automated production of “S-type” rotifers (Brachionus rotundiformis). 
These small rotifers are preferred to support the early larval stages for a variety of marine 
finfish species. At the core of the system is a rotifer turbidostat (Figure 6.1) that is 
supported by a recirculating water treatment loop. Feeding, pH control and harvesting are 
implemented by a RUGIDTM process control unit. The airlifts move the water from the 
turbidostat through the treatment sequence. The airlifts also aerate and strip carbon 
dioxide. The RUGIDTM unit utilizes turbidity measurements continuously generated from 
the water circulating through the sensor package to estimate rotifer densities. These 
rotifer density estimates are then used to determine the appropriate rotifer harvest rate.  
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AP: Airlift pump     : Flow direction 
BF: Biofilter     --- : Water flow in stand-by mode 
FF: Foam fractionator       : Wiring 
Sensors 
Amplifier RUGIDTM NaOH 
 
Figure 6.1 A schematic diagram of the recirculating rotifer turbidostat (RRT) system
In the previous studies, the authors investigated the effects of Nannochloropsis 
oculata feed ration on the growth of Brachionus rotundiformis in batch cultures and 
determined the Monod kinetic constants (KA = 2.29-3.61 mg algal biomass L-1, µmax = 
0.67-0.70  d-1, and Y = 150-1610 rot (mg algal biomass)-1) for B. rotundiformis. Three 
pilot tests at different harvest rates (H, 0.12, 0.21, and 0.37 d-1) were preformed at similar 
algal concentrations (A = 0.14, 0.15, and 0.11x106 cells mL-1) in the RRT system. 
This paper describes the mechanistic mathematical model that was developed to 
gain an understanding of the complex operation behavior of the RRT, the calibration of 
the model, and illustrate how the model responds to a variety of system conditions.  
BACKGROUND  
Classical Chemostat and Turbidostat Models 
In batch cultures, rotifer’s specific growth rates (µ, d-1) are calculated as (Lubzens 
and Zmora 2003): 
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However, compared to batch culture methods (Yoshimura et al. 1996), continuous culture 
methods (i.e., James and Abu-Rezeq 1989a, Walz 1993b,1993f, Fu et al. 1997, Walz et al. 
1997, Santander 1999), operated as either a chemostat or turbidostat, are considered more 
promising and reliable (Dhert et al. 2001, Lubzens et al. 2001, Lubzens and Zmora 2003). 
 The classic chemostats (Figure 6.2(a)) are designed to investigate the rotifer 
population dynamics mainly in the laboratory. These reactors are generally characterized 
by low densities of rotifers and/or relatively shorter production cycle (days to weeks). In 
classic chemostats (Figure 6.2(a)), cells or organisms are leaving the bioreactor with the 
flushing flow, where:  
(L). me tank volu         V
)d (L rate flow          Q
(d)  timeresidence cellmean   MCRT
(d) timeretention  hydraulic     HRT
)(d ratedilution           D
 :       and

















Chemostats are designed to maintain a fixed rotifer growth rate.  The dilution rate, 
D, is the parameter controlling the growth rate displayed. In contrast, turbidostats are 
designed to maintain biomass by varying harvest rate (H). In classic turbidostats, when 
the harvest frequency approaches the positive infinite, the amplitude of biomass variation 
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(a) Classical chemostat  (b) Classical turbidostat  (c) Recirculating rotifer Turbidostat (RRT)
 
Figure 6.2 The comparisons of classical chemostat, turbidostat, and the recirculating rotifer 
turbidostat (RRT) 
approaches zero, and turbidostats (Figure 6.2(b)) behave like chemostats (Figure 6.2(a)), 
i.e., H and D, and their reciprocals MCRT and HRT are equal.  
).d (L sludge of rate flow      Q
)d (Lharvest rotifer  of rate flow    Q
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In the chemostats and turbidostats, the Monod saturation function has been used 
to describe the relationship between the organism’s net growth rate and the substrate 
concentration (Eqn. 6.5, Table 6.1): 






⋅= µµ  
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The Monod model has been adapted to other specific zooplankton systems and it 
has also been used to study zooplankton population dynamics from the perspective of 
rotifer endogenous metabolism, energy flow, ingestion rates, and time-lag growth (Table 
6.1) (Boraas 1983, Rothhaupt 1985, Walz 1993b and g, Santander 1999). The Monod-
Herbert (M-H) model (Eqns. 6.6 and 6.7, Table 6.1) modifies the Monod model by 
introducing an endogenous metabolism constant (µc) (Herbert 1958, Boraas 1983). 
Rothhaupt’s model (1985) describes the population dynamics of B. rubens in the second 
stage of a two-stage algal-rotifer chemostat from an energy-flow perspective (Eqns. 6.8 
and 6.9, Table 6.1). Walz’s model (1993d) is a “cybernetic” (i.e., linking a regulating 
control process to a bio-feedback loop) chemostat model derived from the Monod model 
and has been applied to describe the behavior of B. angularis in the rotifer chemostat. 
Similar to the parameter filtering rate (F) used in Rothhaupt’s model (1985) (Eqn. 6.8, 
Table 6.1), the ingestion rate of rotifers in Walz’s model (1993d) was represented by 
saturation kinetics to correct for algal density effects (Eqns. 6.10 and 6.11, Table 6.1). To 
further explain the responses of rotifers to changing food conditions, the saturation 
function of the rotifer growth rate (µ) was further modified by introducing a time-lag, i.e., 
the growth rate is based on the substrate concentration at t-delay (Walz 1993g).  
Numerous Monod models have been applied in other rotifer chemostat or 
turbidostat culture studies (Rothhaupt 1985, Boraas and Bennett 1988, Bennett and 
Boraas 1989, Walz 1993g, Wlaz et al. 1997, McNair et al. 1998). These applications have  
 109
   



































µµ c  Chemostat 




flow (6.9)                                                                    R)D(RDR
t
R









































































)TSS) alga (mg(Rot  yieldrotifer           Y
(L) me tank volu         V
(d)  time t         
)mL(rot density rotifer           R
)d (L sludge of rate flow         Q
)d (L inflow of rate flow         Q
)d (L rate flow           Q
)L TSS (mg constants saturation-half K ,K
)(d rateingestion  specific maximum       i
)(d rateingestion  specific            i
 )d rot (mL rate filtering           F
)(d ratedilution            D
)L TSS (mg substrate ofion concentrat  A         
)(dabundant  is food when rategrowth  specific maximum      








































   
focused on the effects of substrates on rotifer growth rate. The applications of the Monod-
based models in the turbidostats assumed that the kinetic parameters (e.g., KA, Y, and 
µmax) were constant. They did not consider how the rotifers responded physiologically to 
different harvest rates. 
 Santander (1999) developed a B. plicatilis turbidostat model specifically to 
address rotifers being harvested and lost through the sludge flow (Eqns. 6.12 and 6.13, 
Table 6.1), which is similar to the recirculating rotifer turbidostat (RRT) addressed in this 
chapter (Figure 6.1). The present study investigates rotifer population dynamics by 
considering the effect of harvest rate (H) on the maximum growth rate (µmax) in the 
Monod model. 
THE DEVELOPMENT OF A MECHANISTIC RECIRCULATING ROTIFER 
TURBIDOSTAT (RRT) MODEL  
  
 Although µmax is theoretically a global constant, it has been found to vary with 
local conditions (Walz 1993e). The high growth rates in rotifers allows the organisms to 
withstand seasonally high flushing rates (short hydraulic residence time) in lakes (Walz 
1993e). Correspondingly, in the RRT system (Figures 6.1, 6.2(c)), a rotifer population 
can adapt their maximum specific growth rate (µmax) to the “harvest” rate (H). Thus, the 
RRT model assumes that µmax is a function of mean cell residence time (MCRT). Walz 
(1993b) observed the lifespan of the rotifer Asplanchna bvrightwelli was reduced when 
they exhibited high reproduction rates in an early phase of their life, i.e., the low MCRT 
was selected for short developmental periods. Similar results were generated from semi-
continuous culture systems of rotifers (B. plicatilis and B. rotundiformis) fed freeze-dried 
powder of Nannochloropsis oculata (Yúfera and Navarro 1995, Navarro 1996). 
Progressively younger rotifer populations with higher fecundity were observed with a 
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decreasing MCRT (Navarro 1996) while systems with longer MCRT were characterized 
by rotifer populations primarily consisting of old individuals with a relatively low 
fecundity (Yúfera and Navarro 1995).  
The relationship between µmax and MCRT can be further explained by the specific 
birth rate formula (Walz 1993b):  
(d).t developmen embryonic of period      d
)(d ratebirth          b
femaleper  eggsor  ratio egg    E/N
:where















 The net growth rate (µ) is the overall growth rate adjusted for mortality. While the 
birth rate (b) defines the potential growth rate of metazoans, the mortality rate is a 
variable changing in response to stresses. The mortality rate is known to be higher at a 
longer MCRT and it can be negligible at a shorter MCRT (Walz 1993b). A hyperbolic 
function with a mortality dependent specific growth rate was reported for Euterpina 
acutifrons (Copepoda: Harpacticoida) (Carlotti and Sciandara 1989). This function 
allowed increased mortality when energy budgets were unfavorable and a lowered 
mortality as energy budgets became more desirable. Navarro and Yúfera (1998b) noted 
that the egg/female ratio of B. plicatilis and B. rotundiformis increased with the shorter 
MCRT, i.e., as in nature, the rotifers can adapt their reproductive cycle to “predation 
pressure”. All these results suggest that the maximum growth rate might be a saturation 
function of the reciprocal of MCRT.  
 Recent observations from the pilot tests in the RRT system indicate that under 
similar conditions, the net specific growth rate of rotifers increases as harvest rates 
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increase (H, in the range of 0.12-0.37 d-1) (Chapter 5). Rotifer growth rate changes could 
not be fully explained by the Monod model. As a result, the saturation function of µmax 
against H or 1/MCRT of rotifers is assumed to be analogous to the Monod model: 
).(dconstant  saturation-half rateharvest        K
)(d ratebirth  maximum     b
:where





























 The coefficients bmax, µmax, and MCRT have reasonably clear physiological 
interpretations (Boraas 1993a). For KH, there could be a critical point to achieve half of 
the maximum birth rate (bmax). In a homogeneously mixed tank, the mean cell residence 
time (MCRT) of any organism (rotifers and algae) in the culture vessel is 1/H (d).  
 The µmax at each H (Figure 
6.3) was calculated using the 
Monod equation (Eqn. 6.5). 
Although a nonlinear regression 
agrees with the physiological and 
biological features of rotifers in a 
wide range of H, a linear fitting 
of   the µmax (0.22, 0.32, and 0.47  
d-1) to H (0.12, 0.21, and 0.37 d-1) 
provides a better fit in the range of H = 0.12-0.37 d-1 (Figure 6.3, R2 = 0.9977). Thus, a 
linear regression analysis to fit the µmax and H was performed and the linear relationship 
between µmax and H is: 
H (d-1)




















Figure 6.3 The relationship between µmax and H 
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Substituting Eqn. 6.15b for µmax in the Monod equation (Eqn. 6.5):  









The recirculating rotifer turbidostat (RRT) model was developed based on the 
mass balances (Figures 6.4 and 6.5) of algae and rotifers in the culture tank. This model 
includes a non-constant µmax (Eqns. 6.15b) component that facilitates exploring the 



















Algae flow back from biofilter 




Algae loss by rotifer 
consumption   
A*Qs, ba*V*A QBF*A  
Algae flow through biofilter  Algae loss in sludge (Qs*A) + Algae 
decaying (ba*V*A)
Figure 6.4 Algae mass balance for a recirculating rotifer turbidostat (RRT) system 
µ*VR*R H*VR*R Rotifer net growth 
Rotifer harvest 
R 
Qi*Ri = 0 VR
Rotifer input 
Figure 6.5 Rotifer mass balance for a recirculating rotifer turbidostat（RRT）system 
Qs*Rs bR*VR*R
Rotifer loss in sludge Rotifer decaying 
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Eqn. 6.17a was further reduced to Eqn. 6.17b: 
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The RRT model was set up in STELLA® based on the mass balances of rotifers 
and algae (Figures 6.4 and 6.5; Eqns. 6.17a and 6.18). The model equations were solved 
by STELLA® at a time step of 0.01 d (1/96 d) using a 4th order Runge-Kutta numerical 
integration method. For the purpose of the simulations, Rs was assumed to be equal to R. 
MODEL CALIBRATIONS  
For RRT model calibration, three 34-d datasets (daily rotifer count, algae feed 
input time, feeding rate, rotifer harvest time and harvesting rate), which were collected 
from the H = 0.12, 0.21 and 0.37 d-1 treatments (Chapter 5), were used as input data. bR, 
Y, KA, bA, and fBF were chosen as calibration parameters after the sensitivity analyses.  
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During the model calibration process, the target parameter (rotifer density) of the 
simulation output (modeled) from the calibrated model was compared with the observed 
target (Eqn. 6.19, Figures 6.6-6.8) (Chapra 1997, Carlotti et al. 2000). The relative root 
mean square errors (Se, Eqn. 6.20) were determined for the model results to evaluate the 
goodness of fit (Figures 6.6-6.8). The model calibration was judged based on Se (Lung 
2001): 
item.th   theof  value(modeled) predictedally   theoretic  y
 itemth   theof alue  vobserved    y
yparameter  ofmean        y
errors squared of sum    SSE
 (rms)error  squaredmean root  relative      S
error  squaredmean root      rms
data ofnumber   then       
:where































































The final calibration was performed (Table 6.2) through an iterative process using SSE 
(Eqn. 6.19) and Se (Eqn. 6.20) to assess the model performance (Ruley and Rusch 2004).  
For the observed target parameter of rotifer count, the Se values for the final 
calibrations are 25.48%, 8.73%, and 17.70% for the H = 0.12, 0.21 and 0.37 d-1 
treatments, respectively. When the daily rotifer harvest is targeted (Figure 6.9), the Se 
values in the final calibrated model are 25.34%, 11.26%, and 22.29% for the H = 0.12, 
0.21, and 0.37 d-1 treatments, respectively (Figure 6.9). 
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Calibration data (Se =25.48%) 
  
Figure 6.6 A comparison of observed data with calibration data for model calibration 
with Dataset #1 (H = 0.12 d-1) 
Time (d)





















Calibration data (Se =8.73%) 
 
Figure 6.7 A comparison of observed data with calibration data for model calibration 
with Dataset #2 (H = 0.21 d-1) 
Time (d)




















Calibration data (Se =17.70%) 
 
Figure 6.8 A comparison of observed data with calibration data for model calibration 
with Dataset #3 (H = 0.37 d-1)
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Table 6.2 The estimated and calibrated parameter values/ranges for rotifer and algae models 
Calibration values/Constants 
_____________________________________________________________________________




















        
      
      
      
      
      
        
       
          
0.02 0.07 (0.05) * 0.05 (0.05) 0.01 (0.02) 0.04 0.304 Walz (1993g)
Y Rot (mg
alga TSS)-1
    100-
2100 
1610 2100 (1667) 1600 (1667) 1600 (1867) 1767 500 Santander 
(1999) 
KA mg alga TSS 
L-1
1.26-5.96 3.61 2.44 (4.22) 4.79 (3.22) 2.44 (3.22) 3.22 4.05 Walz (1993g)
bA d-1 0.01-0.05 0.02 0.01(0.06) 0.05 (0.04) 0.05 (0.02) 0.04 0.02 Santander 
(1999) 
fBF % 0.01-0.09 0.05 0.05 (0.05) 0.05 (0.05) 0.05 (0.05) 0.05 -- -- 
Se  %   25.52% (25.48%) 9.42% (8.73%) 18.07% (17.70%)    
__________________________________________________________________________________________________________________________________
Model Constants 
H  d-1 0.12 0.21 0.37
Qa mL sec-1 5.77 ** **
Qr mL sec-1 11.65 ** **
Qs mL sec-1 0.0012 ** **
QBF mL sec-1 16.67 ** **
AlgConc*** mg TSS L-1 5574.48 ** **
V L 40 ** **
Vr L 19 ** **
* Values in () indicate the calibrated values in the “fine-tuned” calibration.
** These parameters hold constant while H varies. 
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12 Observed Dataset #1 
Modeled Dataset #1 (Se =25.34%)
Observed Dataset #2 
Modeled Dataset #2 (Se =11.26%)
Observed Dataset #3 
Modeled Dataset #3 (Se =22.29%)
 
Figure 6.9 A comparison between observed and modeled daily rotifer harvests in 
three pilot trials 
 
DISCUSSION 
The Range and Final Value of the Modified and Selected Calibration Parameters  
The µmax values ranging from 0.58 to 1.67 d-1 were reported for different 
Brachionus rotifers (Endo and Mochizuki 1979, Walz 1983, Boraas 1983, Rothaupt 
1985). A µmax value of 1.67 d-1 was indicated for B. plicatilis fed Chlorella sp. (Endo and 
Mochizuki 1979); 0.58 d-1 for B. angularis fed Stichococcus bacillaris (Walz 1983); 1.30 
d-1 for B. calyciflorus fed with Chlorella pyrenoidosa (Boraas 1983); 0.84 d-1 for B.  
rubens fed Monoraphidium minutum (Rothhaupt 1985); and 1.50 d-1 for B. plicatilis fed 
Chaetoceros muelleri (Santander 1999). The calculated µmax values are from 0.22 to 0.47 
d-1 for the RRT system, which was operated at the H of 0.12-0.37 d-1. This is lower than 
the growth rates (0.54-1.37 d-1), which were reported for B. rotundiformis (Hirayama et al. 
1979, Lubzens et al. 1989, 1995, Hagiwara et al. 1995, Hansen et al. 1997, Lubzens and 
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Zmora 2003). The reason could be different culture conditions (i.e., salinities, 
temperatures, substrate species and densities). 
The calibrated KA value of 3.22 mg L-1 falls in the range of 3.61 ± 2.40 mg L-1, 
which was obtained by the authors using Lineweaver-Burk plot method (Chapter 3). The 
KA value of 3.22 mg L-1 was higher than 3.00 mg L-1 for B. plicatilis fed Chaetoceros 
muelleri (Santander 1999) but lower than 4.05 mg L-1 for B. angularis fed Stichococcus 
bacillaris (Walz 1993c). This could be explained by the differences in rotifer species and 
algal feed. 
The calibrated Y value of 1767 rot mg-1 (Table 6.2) was higher than 500 rot mg-1 
for B. plicatilis fed Chaetoceros muelleri (Santander 1999). This could be attributed to 
the difference in algal feed. Although Walz (1993b) and Boraas (1983) reported a 0.34 
and 0.25 mg rot per mg alga for B. angularis fed Stichococcus bacillaris and B. 
calyciflorus fed Chlorella pyrenoidosa, however, it is difficult to compare them because 
the different units were used.  
For bA and bR, Santander (1999) reported the calibration value of 0.02 (0.01-0.03) 
and 0.25 (0.20-0.30) d-1 for B. plicatilis fed Chaetoceros muelleri. However, the net 
growth rate was applied instead of the gross growth rate, which does not exclude the 
effects of the rotifer death rate. Thus, low values of 0.01-0.15 d-1 for bR, and 0.01-0.05 d-1 
for bA were assumed. This was justified by a good fit in the model calibration analyses 
with the finalized value for bA and bR both of 0.04 d-1 (Table 6.2). The factor (fBF) of the 
catchment rate of algae (N. oculata) through the biofilter was assumed to be in the range 
of 0.01-0.09 based on observation and absorbance measurement. The calibrated fBF value 
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was 0.05, which suggest that there could be some microalgae catchment during the 
microalgae water passing through the biofilter.  
Model Oscillations and the Final Calibration 
The oscillations (or fluctuations) between the calibrated and observed data are 
common in practice. Nisbet and Gurney (1976) indicated that in laboratory or field 
systems, density-independent disturbances caused by stochastic fluctuations may 
sufficiently perturb the damped oscillations to yield persistent “quasi cycles,” which 
could also partly contribute to the big oscillations in Figure 6.6. A coefficient of variation 
of 15% for steady-state rotifer densities is usually reported even when population 
fluctuations are not shown in the literature (Boraas 1983, Schlüter et al. 1987, Rothhaupt 
1993c). Therefore, biological models can be expected to display larger oscillations than a 
strictly water quality model based solely on physical and/or chemical phenomenon. A 
20% error is considered a good fit for the water quality model (Lung 2001). When 
applying the 20% error, two thirds of the rotifer count datasets and one third of daily 
rotifer yield datasets meet the requirement. The other datasets are close to 20% (ranging 
from 22% to 26%). Thus, it should be concluded that the developed rotifer model is 
judged acceptable, based on the model relative RMS errors (Se) and its biological features.  
The Application of the Calibrated Rotifer Model 
The calibrated RRT model can function as diagnostic and prediction tool for the 
RRT system. The model’s simulations could be used to project the rotifer mass during 
culture under different management regimens.  Furthermore, the calibrated rotifer model 
can be coupled with economic algorithms to analyze the potential profitability for 
alternated production configurations. The application of the RRT model should be 
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specific to the RRT system described in this chapter and limited to a narrow range of 
harvest rate (H) of 0.12-0.37 d-1. Additionally, the need for an independent validation of 
the model must be noted. 
SUMMARY 
A mechanistic model of rotifer (Brachionus rotundiformis) fed microalgae 
Nannochloropsis oculata was developed for the recirculating rotifer turbidostat system 
based on mass balance principles. In the RRT model, the rotifer maximum growth rate 
(µmax) was modified by a saturation equation with the harvest rate (H), which is the 
reciprocal of mean cell residence time (MCRT). However, for the H ranging from 0.12 to 
0.37 d-1, a linear relationship between µmax and H was adopted. The RRT model was 
defined in the STELLA® platform and solved using the 4th order Runge-Kutta numerical 
integration method. Parameters bR, Y, KA, bA and fBF were chosen as the sensitivity 
parameters and the RRT model was calibrated with three rotifer count datasets. The final 
calibrations of the mechanistic model were performed with Se’s of 25.48%, 8.73%, and 
17.70% for rotifer count datasets with a H of 0.12, 0.21, and 0.37 d-1, respectively. As per 
a 20% Se criteria and the characteristics of a biological model per se, the calibrated RRT 
model should be able to predict the rotifer behavior and be used as a management tool in 
the RRT system. To improve the simulation effects, additional datasets should be 
independently collected allowing the models’ validation. The feasibility of using the RRT 
model to predict the population dynamics of other rotifer species (besides “S-type”) in 
the RRT system warrants investigation. 
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CHAPTER 7 
AN ECONOMIC FEASIBILITY ANALYSIS AND MODEL 
SIMULATIONS FOR A ROTIFER TURBIDOSTAT SYSTEM  
 
INTRODUCTION 
Models can be predictive (Carlotti et al. 2000) and function as a management tool 
(Ruley and Rusch 2004) once sufficiently tested and considered acceptable. The Monod 
model and its mathematical derivatives have been widely applied in both chemostats and 
turbidostats (i.e., Boraas 1983, Boraas and Bennett 1988, Walz 1993b, Walz et al. 1997, 
McNair et al. 1998). The model simulations have also been reported in predicting the 
rotifer population growth and behavior of the rotifer systems under different scenarios 
(Rothhaupt 1985). With the unpredictability of rotifer mass production (Candreva et al. 
1996, Hagiwara et al. 2001) and the pressing need of S-type rotifers as the first food for 
small-gape marine finfish larvae (Hagiwara et al. 2001, Lubzens et al. 2001), a newly-
developed RRT (recirculating rotifer turbidostat) model specific to the S-type rotifer (B. 
rotundiformis) recirculation turbidostat system (Chapter 5) was developed and calibrated 
(Chapter 6), and can be used to predict the rotifer production behavior in the system. 
Model simulations were performed by running sensitivity or potential 
management strategy parameters at variable levels (Ruley and Rusch 2004). In the 
continuous cultures, the sensitivity/operational parameters that affect the system 
productivity mainly include the culture (stocking) density, feeding rate, harvest rate 
and/or dilution rate (Theegala 1997, Santander 1999, Chapter 5). To further improve the 
rotifer system productivity, the optimization of the system’s operational criteria (harvest 
rate, feeding rate, stocking density, etc.) could be realized by the model simulations.  
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Conducting an economic analysis is an important part in evaluating a system 
intended for commercial application (Suantika et al. 2003, Trimpey and Engle 2005). In 
commercial rotifer continuous culture systems, the rotifer production costs have been one 
of the major concerns (Lubzens et al. 1997, Suantika et al. 2003). Suantika et al. (2003) 
analyzed and compared the rotifer production costs between batch and recirculation 
systems. Suantika et al. (2003) found that the cost of rotifer production depends to a large 
extent on the technique applied in hatcheries. In spite of higher capital costs, operational 
costs (e.g., labor and feed costs) might be reduced in an automated rotifer culture system 
(Suantika et al. 2003). With the availability of a newly designed S-type rotifer 
recirculation turbidostat system (Chapter 3) and the production record from its pilot-scale 
studies (Chapter 5), the specific analysis of rotifer production costs in commercial-scale 
systems has become possible. To consider the commercialization process in the real 
world, the economic analysis of the up-scaling rotifer system based on its pilot-scale type 
is important (Lubzens et al. 1997). The system economic model to be developed can 
function as both a management and economic tool.  
The objectives of this chapter were to (i) predict the rotifer mass production 
behavior under different culture scenarios based on the calibrated rotifer mechanistic 
model (Chapter 6) and (ii) develop an economic/management model that incorporates 
microalgal/rotifer production costs as a design and management tool.  
MATERIALS AND METHODS 
The calibrated rotifer and algal models built in a STELLA® platform (Chapter 6) 
were used to simulate the daily rotifer harvest and rotifer density in the culture tank. The 
simulations were performed in terms of the system operational conditions in Pilot Trial 3, 
in which the highest productivity was achieved among all three pilot trials (Chapter 5). 
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Five-level sensitivity simulations of the harvest rate (H, 0.10, 0.35, 0.60, 0.85 and 1.10   
d-1), microalgal feeding rate (FR, 50%, 100%, 150%, 200% and 250% of that in Trial 3) 
and rotifer culture density (500, 1000, 1500, 2000, and 2500 rotifers(rot) mL-1) were 
performed on the rotifer daily mass production and rotifer density changes.  
Economic analyses (e.g., capital and operating costs) for 40-L pilot-scale and 1-
m3 scaled-up rotifer systems (1000 rot mL-1 initial stocking density was assumed) were 
performed and compared using Microsoft Excel spreadsheets (Chapter 5). A 10-year 
monthly payback of the long-term capital loan was calculated by accounting for a 6% of 
the future value (i) and a 10% of annual depreciation of facilities. The annual operational 
costs consisted of labor, electricity, feed, consumables, and other miscellaneous costs. 
The average cost and the cost structure of producing one million rotifers in both 40-L and 
1-m3 systems were analyzed and compared. The annual costs of a 1-m3 rotifer system 
with a stocking density further up-scaled from 1000 to 2000, 3000 and 5000 rot mL-1 
were calculated and compared. However, the increased pure oxygen costs were not 
accounted for in the high density scaling-up.   
A simplified economic/management model (Figure 7.1) was developed in the 
STELLA® platform on the basis of the calibrated RRT model by considering the fixed (or 
capital) costs and the variable (or operational) costs. The variable costs included energy 
costs, algae feed costs, labor costs and others (Figure 7.1). In this model, the net worth 
was calculated by subtracting the total costs from the total revenue (Engle and Stone 
1997), i.e., the net worth (“reservoir”) was the balance between the input of rotifer 
revenues and output of fixed and variable costs (Figure 7.1). 
RESULTS AND DISCUSSION 
Economic Analyses 
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Net Worth
Revenue









Unit Alg mg mL
Labor Unit Labor Cost
Economic/Management Model
 
Figure 7.1 Economics/Management STELLA® Model 
The average annual costs are presented in Tables 7.1-7.4. For the 40-L pilot-scale 
and 1-m3 scaled-up systems, the total capital costs are estimated to be $5,459 and $9,235, 
and the annual operational costs are $5,607 and $66,964. The breakeven prices are $2.23 
and $0.63 per million rotifers to cover variable costs, and $3.01 and $0.70 per million 
rotifers to cover the total costs. The breakeven yields (rotifer harvest) to cover variable 
costs are 140 and 1,674 million rot yr-1, and the breakeven yields (rotifer harvest) to cover 
the total costs are 189 and 1,844 million rot yr-1, respectively. The cost structure (cost pie) 
of producing each million rotifers in 40-L pilot and a 1-m3 scaled-up rotifer system are 
shown in Figure 7.2. The total production cost for each million rotifers was reduced by 
76.74% (from $3.01 to $0.70 per million rotifers) for the system scaled-up from 40 L to 1 
m3 under constant 1000 rot mL-1 stocking density. As one of the components in the cost 
pie (Figure 7.2), the feed cost percentage increased from 13.49% to 69.30% during the 
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ORP meter Unit $93.00 1 $93.00 2 $186.00
SUBTOTAL     $4,821.80  $6,754.80
300 L biofilter tank/column Unit $500.00   1 $500.00
15 L biofilter column Unit $100.00 1 $100.00   
Biofilter media Unit $15.00 0.5 $7.50 16 $240.00
Air filter Unit $10.00 1 $10.00 4 $40.00
Filter frame Unit $50.00 1 $50.00 1 $50.00
1 um filter cartridge & filter (10") Unit $60.00 1 $60.00 2 $120.00
Nylon filtermesh (55 Um) Unit $100.00 1 $100.00 2 $200.00









Filter sponge m2 $10.00 1 $10.00 2 $20.00
SUBTOTAL     $437.50  $1,370.00
TOTAL CAPITAL COSTS    $5,459.30  $9,234.80
ANNUAL CAPITAL COSTS    $545.93  $923.48
 
Table 7.1a The estimated long-term capital investment costs for a 40-L pilot-scale and 
a 1-m3 up-scaling rotifer system with a daily productivity of 6.9 million and 300 
million rot d-1  








































45-L rotifer tanks with frame Unit $90.00 1 $90.00  
1000-L rotifer tanks with frame Unit $450.00   1 $450.00
20-L bucket Unit $10.00 2 $20.00   
100 L settlement tanks Unit $90.00   1 $90.00
Float valve Unit $10.00 2 $20.00 4 $40.00









PVC fittings (3/4"  & 1" or 2")  Set $50.00 1 $50.00 10 $500.00

















Peristaltic pump Unit $300.00   1 $300.00
Protein skimmer/Foam 
fractionator 
Unit $100.00 1 $100.00 4 $400.00
RUGID™ Controller Unit $2,488.00 1 $2,488.00 1 $2,488.00
pH sensor and amplifier Unit $406.00 1 $406.00 1 $406.00
Turbidostast light source and 
sensor 
Unit $300.00 1 $300.00 1 $300.00
Temperature sensor and amplifier Unit $111.00 1 $111.00 1 $111.00
Conducitivity sensor and 
amplifier 
Unit $475.80 1 $475.80 1 $475.80
Electrical housing plastic box Unit $50.00 1 $50.00 1 $50.00
5-V, 12-V DC power supply Unit $38.00 1 $38.00 1 $38.00
Electronoic sockets and plugs Unit $40.00 1 $40.00 1 $40.00
Wires Set $50.00 2 $100.00 2 $100.00
Blower/Air pump Unit $272.00 1 $272.00 3 $816.00
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$348.00 1 $348.00 3 $1,044.00
   
 
 
Table 7.1b Monthly payments and future value of the capital costs for running a 40-L pilot-scale and 1-m3 up-scaling 













Future value of 
money at 
i = 6% 
Depreciated 
recovery 





   Pilot-scale System
A. Tanks, plumbing $200.00 $2.22 $266.45 $351.20 $20.00 $597.65
B. Machinery and electronics $4,821.80 $53.53 $6,423.82 $8,467.11 $482.18 $14,408.75
C. Filtration $437.50 $4.86 $582.86 $768.25 $43.75 $1,307.36
TOTAL CAPITAL COSTS $5,459.30 $60.61 $7,273.13 $9,586.56 $545.93 $16,313.77
ANNUAL DEPRECIATION $545.93  $727.31 $958.66 $54.59 $1,631.38
  
  1 m3 Scaled-up System 
A. Tanks, plumbing $1,110.00 $12.32 $1,478.79 $1,949.17 $111.00 $3,316.96
B. Machinery and electronics $6,754.80 $74.99 $8,999.06 $11,861.47 $675.48 $20,185.05
C. Filtration $1,370.00 $15.21 $1,825.18 $2,405.73 $137.00 $4,093.91
TOTAL CAPITAL COSTS $9,234.80 $102.53 $12,303.03 $16,216.37 $923.48 $27,595.91




   
Table 7.2 The estimated annual operational costs for running a 40-L pilot-scale and 1-m3 up-scaling rotifer system with daily yield of 
6.9 million and 300 million rotifers  
 
40-L Pilot System 1-m3 Scaled-up System 
__________________________  
 
   
   
 
   
  





























  (A) Labor Hours per year h $8.00 365 $2,920.00 $8.00
 
730 $5,840.00
SUBTOTAL  $2,920.00 $5,840.00
(B) Electricity Tank heating, air supply/blower, pumping, refrigerator, etc.
 






Tank heaters replacements Heater $30.00 1 $30.00 $315.00 2 $630.00















Miscellaneous: material, pipelines, air stones, etc. $100.00 1 $100.00 $300.00 1 $300.00
Lights-replace once per year $10.00 1 $10.00 $30.00 1 $30.00
Water quality test kits $300.00 $300.001 $300.00 1 $300.00
Chlorox/Muriatic acid (cleaning and disinfection) Bottle $20.00 2 $40.00 $20.00 6 $120.00
Salt (Crystal sea marinemix® ) kg $1.82 43.8 $79.74 $1.82 2,190 $3,986.75
PVC pipe cleaner  (1 pt, clear) Bottle $1.89 2 $3.78 $1.89 4 $7.56







Teeflon tape  Box $3.30 2 $6.60 $3.30
 
4 $13.20
SUBTOTAL  $839.54 $5,971.35
(D) Feed 
Algae paste ("Nanno") Liter $70.00 14.6 $1,022.00 $70.00
 
730 $51,100.00
SUBTOTAL  $1,022.00 $51,100.00
(E) Miscellaneous Various $200.00 1 $200.00 $500.00
 
1 $500.00
SUBTOTAL  $200.00 $500.00
Total Operation Costs    $5,606.85 $66,964.14
Annual Depreciation based on the service life (Excluding FV, Table 7.1b) $545.93 $923.48 (F) Capital Cost 
Depreciation Annual Depreciation based on the service life (Including FV, Table 7.1b) $1,631.38 $2,759.59
Total Costs including capital depreciation (excluding Future Value) $6,152.78 $67,887.62




   
 130
Table 7.3 Annual costs for a 40-L pilot-scale and 1-m3 up-scaling rotifer system with daily yield of 6.9 million and 300 million 
rotifers 
 

















(1) Variable Costs        
 
      













8 365 $2,920.00 8 730 $5,840.00
Electricity KWH 0.05 12,506 $625.31 0.05 71,056
 
$3,552.79
Consumables     $839.54    $5,971.35
Algae Feed Liter 70 14.6 $1,022.00 70 730 $51,100.00
Miscellaneous     $200.00    $500.00
Total Variable Costs     $5,606.85    $66,964.14
(2) Fixed Cost              
Depreciation (including future value, fixed cost) $   $1,631.38    $2,759.59
Interest charges (operation cost)     $336.41    $4,017.85
Total Fixed Costs     $1,967.79    $6,777.44
(3) Total Costs [= (1) + (2)]     $7,574.64    $73,741.58
(4) Breakeven Price (per million rotifers sold)            
To Cover Variable Costs $/106 rotifers   $2.23    $0.63
To Cover Total Costs $/106 rotifers    $3.01    $0.70
(5) Breakeven Yield             
To Cover Variable Costs 106 rotifers/yr    140.17    1,674.10
To Cover Total Costs 106 rotifers/yr    189.37    1,843.54
   
 
Table 7.4 Annual costs for a 1-m3 scaled-up rotifer system under the scenarios of culture density at 2000, 3000 and 5000 rot mL-1
 
1-m3 Scaled-up System  
@ 2000 rot mL-1
1-m3 Scaled-up System  
@ 3000 rot mL-1
1-m3 Scaled-up System  





































Value /Cost  
($) 
__________________________________________________________________________________________________________________________________________________ 
(1) Variable Costs   






   
  
     
h 8 730 $5,840.00 8 730 $5,840.00 8 730 $5,840.00
Electricity KWH
  
0.05 71,056 $3,552.79 0.05 71,056 $3,552.79 0.05 71,056 $3,552.79 
Consumables $5,971.35 $5,971.35 $5,971.35
Algae Feed Liter 
 
70 730 $51,100.00 70 730 $51,100.00 70 730 $51,100.00 
Miscellaneous $500.00 $500.00 $500.00
Total Variable Costs $66,964.14 $66,964.14 $66,964.14
(2) Fixed Cost   
Depreciation (including future value, 
fixed cost) 
$ $2,759.59 $2,759.59 $2,759.59
Interest charges (operation cost) $4,017.85 $4,017.85 $4,017.85
Total Fixed Costs  $6,777.44 $6,777.44 $6,777.44 
(3) Total Costs [=(2) + (4)] $73,741.58 $73,741.58 $73,741.58
(4) Breakeven Price (per million rotifers sold)         
To Cover Variable Costs $/106 rotifers $0.32  $0.21  $0.13
To Cover Total Costs $/106 rotifers $0.35 $0.23 $0.14 
(5) Breakeven Yield   
To Cover Variable Costs 106 rotifers yr-1 1,674.10 1,674.10 1,674.10 




   
system up-scaling from 40 L to 1 m3. However, both are still lower than 86%, the 
counterpart reported in some sophisticated rearing systems (Fu et al. 1997). Regardless, 
the high percentages (69.30% and 86%) in both cases indicate that feed cost is the major 
consideration in the total costs of rotifer mass production. The percentage of labor costs 
significantly decreased from 38.55% to 7.92% during the system up-scaling from 40 L to 
1 m3. This is still within the range of 13-28% as reported by Suantika et al. (2003). This 
suggests that the labor saving in rotifer cultures could be realized by scaling-up and 
applying continuous culture techniques. The percentages of depreciation costs and 
electricity costs decreased about 80% and 42%, respectively, while the percentage of 
investment costs increased about 23% in the scaled-up system (Figure 7.2). It is estimated 
that the space for 40-L and 1-m3 rotifer systems were 4 and 18 m2 for each (Fu et al. 
1997). Obviously, both labor and space are considerably reduced compared to 
conventional batch culture methods (Fu et al. 1997). By introducing pure oxygen, it is 
possible to increase the rotifer culture density to 5,000 rot mL-1 and higher (Fu et al. 1997, 
Average production cost: $3.01/million rotifers














Average production cost: $0.70/million rotifers















Figure 7.2 Estimated costs for every million rotifers production in 40-L and 1-m3 
rotifer systems 
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Suantika et al. 2003). The daily rotifer output could be increased up to 1.5 billion rotifers 
(Yoshimura et al. 1997).  Ignoring the potential increased costs due to added pure oxygen 
and projecting the rotifer productivity using linear scale-up methods, the rotifer 
production costs would be reduced to $0.35, $0.23 and $0.14 per million rotifers, at 
densities of 2000, 3000 and 5000 rot  mL-1, respectively (Table 7.4). Under this scenario, 
the cost of $0.14 per million rotifers is comparable to $0.15 per million rotifers in a 1 
billion per day production system (Lubzens et al. 1997).  
Simulations of 
algal cost and daily 
rotifer harvest from the 
simplified economic 
model are shown in 
Figure 7.3. The mean 
daily rotifer harvest was 
5.79±1.67x106 rot d-1 
(range: 1.04-8.37x106 
rot d-1). The trend of the 
daily rotifer harvest curve (Figure 7.3) was consistent with that of the “rotifer count” 
curve, which was output from the finalized model (Fig. 6.8, Chapter 6). The daily algae 
cost ($2.82-$3.56 d-1) was relatively stable, with a mean of $2.91±0.58 d-1 (Figure 7.3).  
Time (d)





































Algal cost ($) 
Daily rotifer harvest
Figure 7.3 Simulation of algae cost and daily rotifer harvest 
under Trial 3 scenario 
Model Simulations and Sensitivity Analyses 
Harvest Rate: Assuming a linear regression equation between µmax and H (Eqn. 
6.15b, Chapter 6) was acceptable in an extended H ranging from 0.10 to 1.10 d-1, the  
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sensitivity analyses of harvest 
rates (ranging from 0.10 to 
1.10 d-1) on daily rotifer 
harvest and density were 
performed in Trial 3 
conditions (Figures 7.4a and 
b). The results indicated that 
the rotifer density decreased 
as the harvest rate increased 
from 0.10 to 1.10 d-1 (Figure 
7.4b). In the 34-d simulations, 
the daily rotifer harvest 
tended to increase with the 
harvest rate during the first 
six days; then it decreased 
(except the curve at H = 0.10 
d-1, in which the daily rotifer 
harvest decreased after Day 
3). It showed that the daily 
rotifer harvest increased with an increasing harvest rate (Figure 7.4a). This could be 
explained by the linear relationship between µmax and H (Eqn. 6.15b, Chapter 6), i.e., 
other conditions are similar, the higher H, the higher the growth rate, and the more 
available the daily rotifer harvest. The daily rotifer harvest curves were close to each 
Time (d)

























H = 0.10 d-1 
H = 0.35 d-1 
H = 0.60 d-1 
H = 0.85 d-1
H = 1.10 d-1 
Figure 7.4a Effects of rotifer harvest rate (H) on daily rotifer 
harvest 
Time (d)



















H = 0.10 d-1 
H = 0.35 d-1 
H = 0.60 d-1 
H = 0.85 d-1
H = 1.10 d-1 
Figure 7.4b Effects of rotifer harvest rate (H) on rotifer 
density 
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other for the H’s in between 0.60 and 1.10 d-1 (Figure 7.4a). The average daily rotifer 
harvest at H of 0.35 d-1 (5.57 million rot d-1) was higher than that at H = 0.10 d-1, but 
lower than that at 0.60-1.10 d-1. This could suggest that the practical operational H to 
achieve the highest daily rotifer harvest is 0.60 - 1.10 d-1. This might also suggest that 
under the culture conditions in Trial 3, a H of 0.37 d-1 used in Trial 3 (Chapter 5) could 
achieve a relatively higher rotifer mass culture for a long-term system operation (Figures 
7.4a and b), although it is lower than an H of 0.60 d-1, which was reported by Fu et al. 
(1997). However, this further demonstrated that the growth rate of a rotifer population 
(Brachionus calyciflorus) could be controlled in a turbidostat and maintained in a steady 
state indefinitely (Bennett and Boraas 1988, Walz 1993b).  
Algae Feeding Level: Both the daily rotifer harvest and rotifer density increased 
as the algae feed input levels increased from 50% to 250% of that in Trial 3 (Figures 7.5a 
and b). This could be explained by the Monod equation and relatively low feeding level 
used in Trial 3 (0.11±0.04x106 cells Nannochloropsis oculata mL-1) which was less than 
a Monod half saturation constant Ka of 0.19-0.30x106 cells Nannochloropsis oculata   
mL-1 (Chapter 3). Overall, the trending curves (Figures 7.5a and b) at 100% and 150% 
are shown to be relatively stable. This could suggest that for a harvest rate of 0.37 d-1 
(Chapter 5) relatively stable rotifer cultures could be maintained by increasing the algae 
feed input level to 100-150% of current level , otherwise, a higher feeding level (> 150%) 
may result in the rotifer density increasing or a higher rotifer harvest rate (provided that 
stable rotifer density was maintained). Thus, it may also indicate that the algae feeding 
rate and the rotifer harvest rate matched well in Trial 3 for a stable rotifer turbidostat 
culture. It is obvious that a sudden increase in the rotifer count and daily rotifer harvest  
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was observed around Day 8-9 
(Figures 7.5a and b). This may 
result from the feed accumulation 
due to the malfunction of the 
rotifer harvesting valve (solenoid) 
on Day 5-6.  
Rotifer Initial Stocking 
Density: The initial rotifer 
stocking density does not 
determine the daily rotifer 
harvest for a continuous rotifer 
system under a steady harvest 
rate (or dilution rate), which is 
similar to microalgal production 
(Theegala 1997). The sensitivity 
analyses of the five-level rotifer 
initial stocking density on the 
rotifer counts and daily rotifer 
harvest are shown in Figures 7.6a 
and b, respectively. Interestingly, at the feeding level in Trial 3, a decreasing trend for 
both rotifer density and daily rotifer harvest is shown for curves with the increasing initial 
rotifer density in the first 20 days. After 20 days’ operation, a relatively stable daily 
rotifer harvest and rotifer density were attained, and all other curves coincided with the 
Time (d)



























* Original algae feed input level in Trial 3 = 100% 
Figure 7.5a Effects of the algae feeding rate on daily 
rotifer harvest 
Time (d)
























* Original algae feed input level in Trial 3 = 100% 
Figure 7.5b Effects of the algae feeding rate on rotifer 
density 
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curves of the initial  
rotifer culture density at 
500 and 1000 rot mL-1 
(Figures 7.6a and b). This 
could suggest that either 
the algae feeding rate in 
Trial 3 is not enough to 
support a higher standing 
rotifer biomass under the 
current harvest rate (0.37 
d-1), or the present 
turbidostat adheres to the 
preset biomass value in 
Trial 3 and shows  
insensitive to  the rotifer 
initial stocking density 
for a long operation (i.e., 
> 20 days). Strategies such as changing the harvest rate, algae feeding rate, and/or preset 
biomass value for harvest, should be implemented for a more stable rotifer culture at the 
initial density of other than 500-1000 rot mL-1.  
Time (d)



























Ri =  500 rot mL
-1 
Ri =1000 rot mL
-1 
Ri =1500 rot mL
-1 
Ri =2000 rot mL
-1
Ri =2500 rot mL
-1 
Figure 7.6a Effects of rotifer initial culture density on 
daily rotifer harvest 
Time (d)



















Ri= 500 rot mL
-1 
Ri = 1000 rot mL
-1 
Ri = 1500 rot mL
-1 
Ri = 2000 rot mL-1
Ri = 2500 rot mL
-1 
 Figure 7.6b Effects of rotifer initial culture density on 
rotifer density changes
SUMMARY 
 The economic analyses (capital and operational costs, costs structure for daily 
production of 1 million rotifers) of the pilot-scale 40-L and 1-m3 scaled-up rotifer system 
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under 1000 rot mL-1 culture density were compared. Annual costs and returns were 
evaluated for a scaled-up 1-m3 rotifer system in 2000, 3000 and 5000 rot mL-1 culture 
density scenarios. The average production costs for the 40-L and 1-m3 systems at 1000 
rot mL-1 stocking density were $3.01 and $0.70 per million rotifers, which declined to 
$0.14 per million rotifers for the 1-m3 system stocking at 5000 rot mL-1 density. 
The rotifer management/economics model determines the optimal system 
operational criteria and predicts the rotifer mass production trend and production profits. 
From model simulations, the higher harvest rate 0.35 d-1, which is close to the practical 
harvest rate 0.37 d-1, can maintain a relatively stable mass production of S-type rotifers, 
under the scenario of Pilot Trial 3. However, for the maximum daily rotifer harvest, a 
harvest rate of 0.60-1.10 d-1 was suggested. For other applications of this system, some 
strategies (e.g., changing feeding rate, rotifer initial stocking density, preset biomass 
value, etc.) should be used for a relatively stable rotifer culture. The stocking density at 
500-1000 rot mL-1 was reasonable to maintain a stable culture under the scenarios of Pilot 
Trial 3.  
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CHAPTER 8 
CONCLUSIONS AND RECOMMENDATIONS 
 
CONCLUSIONS 
Global mariculture expansion is still hindered somewhat by a bottleneck in 
larviculture, i.e., the lack of a continuous, stable and reliable supply of nutritionally 
adequate and cost-effective live feeds (especially rotifers Brachionus) to get marine 
finfish larvae through the first weeks of life (Suantika et al. 2000, Lubzens et al. 2001 and 
2003). With the initiatives of cultivation of new small-gape mariculture species, smaller 
size rotifers (Brachionus rotundiformis) are increasingly needed as the first food. Thus, a 
stable culture system design specific to the requirements of B. rotundiformis is demanded. 
For the system design, it is critical to fully link the physiological needs and characteristics 
of B. rotundiformis to the engineering designs, to solve or control the inhibitory/limiting 
factors associated with high density rotifer cultures, to systematically design and integrate 
the key components to continuous, stable culture and to supply smaller size rotifers (B. 
rotundiformis) in both quantity and quality at a reasonable cost. An automated, 
continuous, stable, reliable and cost-effective rotifer (B. rotundiformis) mass production 
system was developed and the rotifer productivity criteria were established. Some major 
conclusions were drawn as follows: 
Production Characteristics for Brachionus rotundiformis Fed Selenastrum 
capricornutum under Different Temperatures (20, 25, 30 and 35oC) and Salinities (10, 15 
and 20 ppt): Temperature and salinity are the two important factors affecting the rotifer 
growth rate. The optimal combination of both could be used to maximize the productivity 
of this species. The 30oC/15 ppt is indicated as the optimal combination for the highest 
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apparent growth rate for B. rotundiformis. A relationship between µexpo and 
temperature (25-30oC) and salinity (10-20 ppt) is:   
4.860. - Sal)(Temp 1.038x10- (ppt) Sal  0.283  ) C( Temp 0.206  )(d -2o-1expo ⋅⋅⋅+⋅=µ  
Monod Kinetics for B. rotundiformis Fed Nannochloropsis oculata: Under the 
30oC/15 ppt combination condition, the rotifer growth rates (µ) were 0.26, 0.59, 0.62, 
0.75, and 0.55 d-1 when fed N. oculata at 0.25, 1.0, 4.0, 16.0, and 64.0x106 cells mL-1, 
respectively. Using non-linear regression and Lineweaver-Burk plot, the Monod kinetics 
µmax, Ka, and Yield (Y) for B. rotundiformis were determined as 0.67-0.70 d-1, 0.19 to 
0.30x106 cells mL-1 (or 2.29-3.61 mg microalga biomass L-1) and 1.81-19.32 rot per 106 
cells (or 150-1610 rot per mg microalga biomass)  by feeding N. oculata. Considering 
both the feeding efficiency (Yield) and rotifer growth rate, a relatively lower feeding 
level (e.g., < 4.0x106 cells mL-1) was suggested for the mass production of B. 
rotundiformis when fed N. oculata. 
The Design of a Recirculating Rotifer Turbidostat (RRT) System for B. 
rotundiformis: In solving/relieving the issues of toxic ammonia (and nitrite), nuisance 
foams (fine solids), labor-intensive rotifer manual harvest and unstable pH, a standard 
design of a recirculating rotifer turbidostat (RRT) system was developed using a biofilter, 
a foam fractionator, turbidostat methods, continuous harvest and pH control with 
RugidTM automation techniques. A 12-d preliminary test showed that the system was 
relatively stable in controlling toxic ammonia, pH and foams. A mean daily rotifer 
harvest of 2.69 million rot d-1 was obtained at a mean rotifer density of 815 rot mL-1. 
Effects of Harvest Rate on Mass Production of Brachionus rotundiformis in a 
Pilot-scale Recirculating Turbidostat System: Three productivity trials at different harvest 
rates (H, 0.12, 0.21, and 0.37 d-1) were performed in a 40-L pilot-scale rotifer system for 
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33-40 d. The culture conditions included the similar feed ration (1.3x105 cells 
Nannochloropsis oculata rot-1 d-1), same temperature (30oC) and salinity (15 ppt). The 
mean rotifer stocking densities were 742 ± 37 (385-1197), 946 ± 37 (695-1119), and 857 
± 14 (717-976) rot mL-1. With the daily harvesting rates increased from 0.12 ± 0.02, 0.21 
± 0.04 to 0.37 ± 0.07 d-1, the daily rotifer harvest increased from 1.68 ± 0.08, 3.70 ± 0.11, 
to 5.89 ± 0.19 million rotifers d-1, and the corresponding daily volumetric productivity 
increased from 0.09 ± 0.00, 0.20 ± 0.01, to 0.32 ± 0.01 million rot L-1 d-1, respectively. 
Mean egg ratios for Trials 1, 2 and 3 were 0.19 ± 0.01, 0.19 ± 0.01, and 0.23 ± 0.01, 
respectively. Egg ratio is recommended as a good indicator for rotifer culture status, 
because it is significantly correlated to the rotifer counts.  
Relatively stable water quality in the rotifer culture tank was also observed in all 
three trials. TAN's were 0.11 ± 0.02, 0.14 ± 0.01, and 0.15 ± 0.01 mg NH3-N L-1; Nitrite-
Ns were 1.56 ± 0.40, 0.51 ± 0.08, and 0.34 ± 0.02 mg NO2-N L-1 for Trials 1, 2 and 3, 
respectively. Mean pH was controlled above 8.0, mean dissolved oxygen (DO) was above 
5 mg L-1, and mean alkalinity was maintained above 150 mg CaCO3 L-1 during all three 
trials. Under current conditions, the harvest rate of 0.37 d-1 was the best treatment where 
the highest system daily volumetric productivity of 0.32 million rot L-1 d-1 was achieved.   
Development of the Recirculating Rotifer Turbidostat (RRT) Model and Analysis 
of the Economic Feasibility of the RRT System: The Monod model was modified by a 
saturation equation between the maximum growth rate (µmax) and the reciprocal of mean 
cell residence time (MCRT) (or harvest rate, H), although a linear relationship between 
µmax and H was adopted for the H ranging from 0.12 to 0.37 d-1. A mechanistic model of 
rotifers (Brachionus rotundiformis) fed microalgae Nannochloropsis oculata was further 
developed for a 40-L pilot-scale recirculating rotifer turbidostat (RRT) system based on 
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the mass balance principle. The RRT model was setup in a STELLA® platform and 
solved using a 4th order Runge-Kutta numerical integration method. Three datasets from 
the pilot trials were used for RRT model calibration. Simulations of rotifer density and 
daily rotifer harvest from the calibrated RRT model were performed under five different 
harvest rates, algae feeding levels, and rotifer initial culture densities. Economic analyses 
(capital and operational costs, costs structure for producing 1 million rotifers) of the pilot-
scale 40-L and 1-m3 scaled-up rotifer system under a 1000 rot mL-1 culture density were 
compared. Annual costs were evaluated for the scaled-up 1-m3 rotifer system in 2000, 
3000, and 5000 rot mL-1 culture density scenarios. Average production costs for a 40-L 
and 1-m3 system at 1000 rot mL-1 stocking density were $3.01 and $0.70 per million 
rotifers, and lowered to $0.14 per million rotifers for the 1-m3 system stocking at 5000 rot 
mL-1 density. Model simulations indicated that the rotifer economic/management model 
was a useful tool to determine the system operation criteria (harvest rate), to predict the 
rotifer culture stability and rotifer production economics. A harvest rate of 0.35 d-1, which 
was close to 0.37 d-1 in Pilot Trial 3, was indicated for a stable rotifer production under 
the Pilot Trial 3 scenario. 
RECOMMENDATIONS FOR FUTURE RESEARCH 
The following recommendations were made for future work in developing the 
rotifer continuous turbidostat system: 
Up-scaling and Movement from Laboratory to Commercial Hatchery is Required: 
A recirculating rotifer turbidostat (RRT) system with full monitoring and controls 
(automation) should be one of the developmental directions in the future. Up-scalings 
from pilot-scale to 1-m3 or 10-m3, from low density (103 rotifers mL-1) to high density 
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(104 rot mL-1) are needed in the real world, and the training of skilled technical staff is 
critical.  
More Pilot Trials on the Effects of Harvest Rate on System Productivity are 
Needed: Increasing the rotifer culture density to 103-104 rot mL-1 and raising the substrate 
(rotifer feed) concentration are simple measures to take for rotifer productivity 
improvement. However, optimizing the harvest rate to a specific system is not easy. For 
RRT systems, more pilot trials with different harvest rates are needed. 
More Innovative Ammonia Removal Methods and Standard Designs are to be 
Tested and Optimized: More efficient, compact, cost-effective and safe ammonia removal 
facilities with water quality treatment system (e.g., floating bead biofilter, membrane 
filter) are required for high-density rotifer culture systems.  
A Denitrification Unit is Recommended for a Recirculating Turbidostat Rotifer 
(RRT) System: To avoid the higher nitrate accumulations for a long-term operation, a 
denitrification unit (Suzuki et al. 2003, Gutierrez-Wing et al. 2005) should be used. 
Hygienic Rotifer Products are Required to Avoid the Disease Transmission to 
Fish Larvae: Either disinfection or solids/bacteria reduction by system operations should 
be considered. Ozone applications could be a choice, but caution should be taken due to 
the toxicity of ozone to the operators and the residual to aquatic organisms.  
Innovative Rotifer Quantification Techniques are Needed: Techniques of 
automatic quantification of rotifers (e.g., automatic rotifer counts by camera, Øie 2005) 
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APPENDIX I 
DIAGRAM OF RUGID™ SYSTEM WIRING AND RUGIDTM SOFTWARE 




































































































I-b The RugidTM Software 
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APPENDIX II 
MASS PRODUCTION MODEL (STELLA® MODELING PLATFORM) 
II-a Rotifer Model 
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II-c Economics/Management Model 
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II-d STELLA DOCUMENT 
RRT Model 1 
Algal Model 
Algae(t) = Algae(t - dt) + (AlgaeIn - AlgaeOut - SludgeAlgLoss - Alg_Consumption - Algal_Decay - 
Biofilter_AlgLoss) * dt 
INIT Algae = 1.74*40 
 
INFLOWS: 
AlgaeIn = PULSE(AlgPasteConc*Qa*Ta/Unit_mL_to_L,0,1/48)  
OUTFLOWS: 
AlgaeOut = PULSE(Algae*Qr*T_r/Unit_mL_to_L/V,0,1/48) 
SludgeAlgLoss = PULSE(Algae*(Qs/Unit_mL_to_L)/V,1,1) 
Alg_Consumption = u*Rotifer/Y 
Algal_Decay = Algae*b_A 
Biofilter_AlgLoss = Algae*f_Bf*(Qbf*Unit_sec_to_day/Unit_mL_to_L)/V 
AlgConc = Algae/V 
Unit_mL_to_L = 1000 
Unit_sec_to_day = 60*60*24 
 
Economic/Management Model 
Net_Worth(t) = Net_Worth(t - dt) + (Revenue - Energy_Cost - Algae_Cost - Labor_Cost - 
Other_Variable_Costs - Fixed_Cost) * dt 




Revenue = RotHarvest/Unit_Million_Rot*Rot_Unit_Price 
OUTFLOWS: 
Energy_Cost = Energy*Unit_Energy_Cost 
Algae_Cost = AlgaeIn/Unit_Alg_mg_mL*Alg_Unit_Price 
Labor_Cost = Labor*Unit_Labor_Cost 
Other_Variable_Costs = (839.54+200)/365 
Fixed_Cost = (1967.79/365) 
Unit_Alg_mg_mL = 146.33/1.25 
Unit_Million_Rot = 10^6 
 
Main Parameters and Input Data 
AlgPasteConc = 50/1.25*146.33/1.05 
Alg_Unit_Price = 0.07 
b_A = 0.04 
b_R = 0.04 
Energy = 12506/365 
f_Bf = 0.05 
KA = 3.22 
Labor = 1 
Qa = 5.77 
Qbf = 1000/60 
Qr = 11.65 
Qs = 100 
Rin = 0 
Rot_Unit_Price = 40 
Unit_Energy_Cost = 0.05 
Unit_Labor_Cost = 8 
V = 40 
V_R = 19*1000 
Y = 1767 
H = GRAPH(TIME) 
(0.00, 0.15), (1.00, 0.07), (2.00, 0.11), (3.00, 0.16), (4.00, 0.12), (5.00, 0.13), (6.00, 0.19), (7.00, 0.1), (8.00, 
0.12), (9.00, 0.13), (10.0, 0.09), (11.0, 0.13), (12.0, 0.13), (13.0, 0.1), (14.0, 0.12), (15.0, 0.13), (16.0, 0.11), 
(17.0, 0.11), (18.0, 0.13), (19.0, 0.14), (20.0, 0.14), (21.0, 0.12), (22.0, 0.12), (23.0, 0.11), (24.0, 0.12), 
(25.0, 0.14), (26.0, 0.12), (27.0, 0.12), (28.0, 0.12), (29.0, 0.1), (30.0, 0.12), (31.0, 0.11), (32.0, 0.11), (33.0, 
0.12) 
Ta = GRAPH(TIME) 
(0.00, 1.84), (1.00, 1.88), (2.00, 1.94), (3.00, 2.06), (4.00, 2.06), (5.00, 2.03), (6.00, 2.02), (7.00, 2.10), 
(8.00, 2.18), (9.00, 2.24), (10.0, 2.22), (11.0, 2.20), (12.0, 2.22), (13.0, 2.21), (14.0, 2.21), (15.0, 2.21), 
(16.0, 2.21), (17.0, 2.21), (18.0, 2.22), (19.0, 2.22), (20.0, 2.23), (21.0, 2.24), (22.0, 2.25), (23.0, 2.25), 
(24.0, 2.25), (25.0, 2.23), (26.0, 2.23), (27.0, 2.25), (28.0, 2.25), (29.0, 2.25), (30.0, 2.25), (31.0, 2.25), 
(32.0, 2.16), (33.0, 2.25) 
T_r = GRAPH(TIME) 
(0.00, 2.99), (1.00, 3.20), (2.00, 3.20), (3.00, 3.14), (4.00, 3.70), (5.00, 2.84), (6.00, 2.95), (7.00, 2.97), 
(8.00, 3.29), (9.00, 2.92), (10.0, 3.51), (11.0, 3.28), (12.0, 3.19), (13.0, 3.73), (14.0, 3.17), (15.0, 3.58), 
(16.0, 3.53), (17.0, 3.46), (18.0, 3.57), (19.0, 3.53), (20.0, 3.32), (21.0, 3.29), (22.0, 3.09), (23.0, 2.95), 
(24.0, 3.00), (25.0, 3.81), (26.0, 4.01), (27.0, 3.42), (28.0, 3.54), (29.0, 3.75), (30.0, 3.39), (31.0, 3.55), 
(32.0, 3.70), (33.0, 3.73) 
 
Rotifer Model 
Accum_Rot_Hrv(t) = Accum_Rot_Hrv(t - dt) + (Rot_Hrv_flow) * dt 
INIT Accum_Rot_Hrv = 0 
 
INFLOWS: 
Rot_Hrv_flow = RotHarvest/10^6 
Rotifer(t) = Rotifer(t - dt) + (Inflow + RotGrowth - RotHarvest - SludgeRotLoss - RotDecay) * dt 
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INIT Rotifer = 721*19000 
 
INFLOWS: 
Inflow = PULSE(Rin*Qa*Ta, 0,1/48) 
RotGrowth = Rotifer*u 
OUTFLOWS: 
RotHarvest = Pulse(Rotifer*H/48,0,1/48) 
SludgeRotLoss = PULSE(Rotifer*Qs/V_R,1,1) 
RotDecay = Rotifer*b_R 
C = 0.1105 
K_c = 0.9787 
MCRT = 1/H 
Rot_Density = Rotifer/V_R 
u = (U_max*AlgConc)/(KA+AlgConc) 
U_max = K_c*H+C 
 
RRT Model 2 
 
Algal Model 
Algae(t) = Algae(t - dt) + (AlgaeIn - AlgaeOut - SludgeAlgLoss - Alg_Consumption - Algal_Decay - 
Biofilter_AlgLoss) * dt 
INIT Algae = 5.65*40 
 
INFLOWS: 
AlgaeIn = PULSE(AlgPasteConc*Qa*Ta/Unit_mL_to_L,0,1/48)  
OUTFLOWS: 
AlgaeOut = PULSE(Algae*Qr*T_r/Unit_mL_to_L/V,0,1/48) 
SludgeAlgLoss = PULSE(Algae*(Qs/Unit_mL_to_L)/V,1,1) 
Alg_Consumption = u*Rotifer/Y 
Algal_Decay = Algae*b_A 
Biofilter_AlgLoss = Algae*f_Bf*(Qbf*Unit_sec_to_day/Unit_mL_to_L)/V 
AlgConc = Algae/V 
Unit_mL_to_L = 1000 
Unit_sec_to_day = 60*60*24 
 
Economic/Management Model 
Net_Worth(t) = Net_Worth(t - dt) + (Revenue - Energy_Cost - Algae_Cost - Labor_Cost - 
Other_Variable_Costs - Fixed_Cost) * dt 
INIT Net_Worth = 0 
 
INFLOWS: 
Revenue = RotHarvest/Unit_Million_Rot*Rot_Unit_Price 
OUTFLOWS: 
Energy_Cost = Energy*Unit_Energy_Cost 
Algae_Cost = AlgaeIn/Unit_Alg_mg_mL*Alg_Unit_Price 
Labor_Cost = Labor*Unit_Labor_Cost 
Other_Variable_Costs = (839.54+200)/365 
Fixed_Cost = (1967.79/365) 
Unit_Alg_mg_mL = 146.33/1.25 
Unit_Million_Rot = 10^6 
 
Main Parameters and Input Data 
AlgPasteConc = 50/1.25*146.33/1.05 
Alg_Unit_Price = 0.07 
b_A = 0.04 
b_R = 0.04 
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Energy = 12506/365 
f_Bf = 0.05 
KA = 3.22 
Labor = 1 
Qa = 5.77 
Qbf = 1000/60 
Qr = 11.65 
Qs = 100 
Rin = 0 
Rot_Unit_Price = 40 
Unit_Energy_Cost = 0.05 
Unit_Labor_Cost = 8 
V = 40 
V_R = 19*1000 
Y = 1767 
H = GRAPH(TIME) 
(0.00, 0.01), (1.00, 0.101), (2.00, 0.119), (3.00, 0.17), (4.00, 0.133), (5.00, 0.194), (6.00, 0.184), (7.00, 
0.221), (8.00, 0.198), (9.00, 0.211), (10.0, 0.218), (11.0, 0.213), (12.0, 0.207), (13.0, 0.226), (14.0, 0.2), 
(15.0, 0.203), (16.0, 0.218), (17.0, 0.223), (18.0, 0.225), (19.0, 0.233), (20.0, 0.202), (21.0, 0.188), (22.0, 
0.229), (23.0, 0.25), (24.0, 0.203), (25.0, 0.271), (26.0, 0.239), (27.0, 0.235), (28.0, 0.213), (29.0, 0.199), 
(30.0, 0.25), (31.0, 0.202), (32.0, 0.243), (33.0, 0.205) 
Ta = GRAPH(TIME) 
(0.00, 2.19), (1.00, 2.46), (2.00, 2.53), (3.00, 2.56), (4.00, 2.66), (5.00, 2.69), (6.00, 2.70), (7.00, 2.74), 
(8.00, 2.80), (9.00, 2.79), (10.0, 2.79), (11.0, 2.79), (12.0, 2.79), (13.0, 2.79), (14.0, 2.79), (15.0, 2.79), 
(16.0, 2.79), (17.0, 2.79), (18.0, 2.77), (19.0, 2.79), (20.0, 2.79), (21.0, 2.79), (22.0, 2.79), (23.0, 2.79), 
(24.0, 2.79), (25.0, 2.79), (26.0, 2.79), (27.0, 2.79), (28.0, 2.79), (29.0, 2.79), (30.0, 2.79), (31.0, 2.79), 
(32.0, 2.79), (33.0, 2.61) 
T_r = GRAPH(TIME) 
(0.00, 0.00), (1.00, 4.02), (2.00, 4.69), (3.00, 4.75), (4.00, 4.93), (5.00, 6.10), (6.00, 6.91), (7.00, 6.94), 
(8.00, 6.94), (9.00, 7.02), (10.0, 7.04), (11.0, 7.06), (12.0, 7.07), (13.0, 7.06), (14.0, 7.06), (15.0, 7.15), 
(16.0, 7.23), (17.0, 7.22), (18.0, 7.23), (19.0, 7.22), (20.0, 7.15), (21.0, 7.34), (22.0, 7.45), (23.0, 7.52), 
(24.0, 7.52), (25.0, 7.51), (26.0, 7.50), (27.0, 7.44), (28.0, 7.47), (29.0, 7.57), (30.0, 7.52), (31.0, 7.34), 
(32.0, 7.42), (33.0, 5.78) 
 
Rotifer Model 
Accum_Rot_Hrv(t) = Accum_Rot_Hrv(t - dt) + (Covt) * dt 
INIT Accum_Rot_Hrv = 0 
 
INFLOWS: 
Covt = RotHarvest/10^6 
Rotifer(t) = Rotifer(t - dt) + (Inflow + RotGrowth - RotHarvest - SludgeRotLoss - RotDecay) * dt 
INIT Rotifer = 933*19000 
 
INFLOWS: 
Inflow = PULSE(Rin*Qa*Ta, 0,1/48) 
RotGrowth = Rotifer*u 
OUTFLOWS: 
RotHarvest = pulse(Rotifer*H/48,0,1/48) 
SludgeRotLoss = PULSE(Rotifer*Qs/V_R,1,1) 
RotDecay = Rotifer*b_R 
C = 0.1105 
K_c = 0.9787 
Rot_Density = Rotifer/V_R 
u = (U_max*AlgConc)/(KA+AlgConc) 
U_max = K_c*H+C 
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RRT Model 3 
 
Algal Model 
Algae(t) = Algae(t - dt) + (AlgaeIn - AlgaeOut - SludgeAlgLoss - Alg_Consumption - Algal_Decay - 
Biofilter_AlgLoss) * dt 
INIT Algae = 14.42*40 
 
INFLOWS: 
AlgaeIn = PULSE(AlgPasteConc*Qa*Ta/Unit_mL_to_L,0,1/48)  
OUTFLOWS: 
AlgaeOut = PULSE(Algae*Qr*T_r/Unit_mL_to_L/V,0,1/48) 
SludgeAlgLoss = PULSE(Algae*(Qs/Unit_mL_to_L)/V,1,1) 
Alg_Consumption = u*Rotifer/Y 
Algal_Decay = Algae*b_A 
Biofilter_AlgLoss = Algae*f_Bf*(Qbf*Unit_sec_to_day/Unit_mL_to_L)/V 
AlgConc = Algae/V 
Unit_mL_to_L = 1000 
Unit_sec_to_day = 60*60*24 
 
Economic/Management Model 
Accum_Alg_Costs(t) = Accum_Alg_Costs(t - dt) + (Covt2) * dt 
INIT Accum_Alg_Costs = 0 
 
INFLOWS: 
Covt2 = Algae_Cost*1 
Net_Worth(t) = Net_Worth(t - dt) + (Revenue - Energy_Cost - Algae_Cost - Labor_Cost - 
Other_Variable_Costs - Fixed_Cost) * dt 
INIT Net_Worth = 0 
 
INFLOWS: 
Revenue = RotHarvest/Unit_Million_Rot*Rot_Unit_Price 
OUTFLOWS: 
Energy_Cost = Energy*Unit_Energy_Cost 
Algae_Cost = AlgaeIn/Unit_Alg_mg_mL*Alg_Unit_Price 
Labor_Cost = Labor*Unit_Labor_Cost 
Other_Variable_Costs = (839.54+200)/365 
Fixed_Cost = (1967.79/365) 
Unit_Alg_mg_mL = 146.33/1.25 
Unit_Million_Rot = 10^6 
 
Main Parameters and Input Data 
AlgPasteConc = 50/1.25*146.33/1.05 
Alg_Unit_Price = 0.07 
b_A = 0.04 
b_R = 0.04 
Energy = 12506/365 
f_Bf = 0.05 
KA = 3.22 
Labor = 1 
Qa = 5.77 
Qbf = 1000/60 
Qr = 11.65 
Qs = 100 
Rin = 0 
Rot_Unit_Price = 40 
Unit_Energy_Cost = 0.05 
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Unit_Labor_Cost = 8 
V = 40 
V_R = 19*1000 
Y = 1767 
H = GRAPH(TIME) 
(0.00, 0.00), (1.00, 0.125), (2.00, 0.272), (3.00, 0.395), (4.00, 0.301), (5.00, 0.394), (6.00, 0.374), (7.00, 
0.149), (8.00, 0.376), (9.00, 0.4), (10.0, 0.438), (11.0, 0.415), (12.0, 0.306), (13.0, 0.336), (14.0, 0.423), 
(15.0, 0.446), (16.0, 0.407), (17.0, 0.36), (18.0, 0.474), (19.0, 0.355), (20.0, 0.429), (21.0, 0.354), (22.0, 
0.38), (23.0, 0.411), (24.0, 0.378), (25.0, 0.404), (26.0, 0.397), (27.0, 0.393), (28.0, 0.385), (29.0, 0.374), 
(30.0, 0.359), (31.0, 0.351), (32.0, 0.358), (33.0, 0.344) 
Ta = GRAPH(TIME) 
(0.00, 3.59), (1.00, 3.63), (2.00, 3.75), (3.00, 3.75), (4.00, 3.75), (5.00, 3.79), (6.00, 3.92), (7.00, 3.75), 
(8.00, 3.50), (9.00, 3.29), (10.0, 3.23), (11.0, 3.15), (12.0, 3.10), (13.0, 3.06), (14.0, 3.06), (15.0, 3.06), 
(16.0, 3.06), (17.0, 3.06), (18.0, 3.06), (19.0, 3.06), (20.0, 3.06), (21.0, 3.06), (22.0, 3.06), (23.0, 3.06), 
(24.0, 3.06), (25.0, 3.06), (26.0, 3.06), (27.0, 3.06), (28.0, 3.06), (29.0, 3.06), (30.0, 3.06), (31.0, 3.06), 
(32.0, 3.06), (33.0, 3.06) 
T_r = GRAPH(TIME) 
(0.00, 2.50), (1.00, 6.37), (2.00, 9.60), (3.00, 10.9), (4.00, 11.3), (5.00, 12.5), (6.00, 11.8), (7.00, 4.62), 
(8.00, 11.8), (9.00, 11.8), (10.0, 11.7), (11.0, 11.1), (12.0, 10.9), (13.0, 10.9), (14.0, 10.9), (15.0, 10.9), 
(16.0, 10.9), (17.0, 10.9), (18.0, 10.9), (19.0, 10.9), (20.0, 10.9), (21.0, 10.9), (22.0, 10.9), (23.0, 10.9), 
(24.0, 10.9), (25.0, 10.9), (26.0, 10.9), (27.0, 10.9), (28.0, 10.9), (29.0, 10.9), (30.0, 10.9), (31.0, 10.9), 
(32.0, 10.9), (33.0, 10.9) 
 
Rotifer "Simple Model" 
Accum_Rot_Hrv(t) = Accum_Rot_Hrv(t - dt) + (Convt) * dt 
INIT Accum_Rot_Hrv = 0 
 
INFLOWS: 
Convt = RotHarvest/10^6 
Rotifer(t) = Rotifer(t - dt) + (Inflow + RotGrowth - RotHarvest - SludgeRotLoss - RotDecay) * dt 
INIT Rotifer = 854*19000 
 
INFLOWS: 
Inflow = PULSE(Rin*Qa*Ta, 0,1/48) 
RotGrowth = Rotifer*u 
OUTFLOWS: 
RotHarvest = Pulse(Rotifer*H/48,0,1/48) 
SludgeRotLoss = PULSE(Rotifer*Qs/V_R,1,1) 
RotDecay = Rotifer*b_R 
C = 0.1105 
K_c = 0.9787 
Rot_Density = Rotifer/V_R 
u = (U_max*AlgConc)/(KA+AlgConc) 





















DATA FOR EFFECTS OF TEMPERATURE AND SALINITY ON 







































III-1 SCREENING TRIAL AT 20oC 
 
STUDY DESCRIPTION: ROTIFER TEMP-SAL SCREENING TRIAL  
# 1 (20 C/10,15,20 PPT)　 
STUDY PERIOD: 01/04/2003-01/11/2003 
ROTIFER SPECIES: Brachionus rotundiformis 




Trial 1- 20 C/10,15,20 ppt 
Rotifer counts
Rotifer counts (rot/mL) at 20 C
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 1/4/03 20:00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 1/5/03 20:00 0.6 0.8 0.4 0.6 0.8 0.6 1.0 1.0 0.8
2 1/6/03 20:00 2.1 1.4 0.6 1.8 1.2 1.2 0.6 0.4 0.8
3 1/7/03 20:00 1.2 1.1 1.4 2.6 2.4 1.8 0.9 1.1 1.0
4 1/8/03 20:00 2.4 2.4 2.0 2.6 2.6 4.0 1.4 1.6 0.4
5 1/9/03 20:00 2.8 2.0 2.2 3.4 3.8 3.2 1.0 0.6 0.4
6 1/10/03 20:00 3.0 3.8 3.2 6.2 8.4 7.2 1.2 0.6 0.8
7 1/11/03 20:00 5.7 2.0 5.7 16.3 13.0 8.5 1.5 0.4 0.2
Egg counts
Rotifer egg counts (eggs/mL) at 20 C
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 1/4/03 20:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 1/5/03 20:00 0.2 0.0 0.2 0.4 0.0 0.6 0.0 0.2 0.4
2 1/6/03 20:00 0.9 0.6 0.3 1.2 1.2 0.8 0.6 0.2 1.2
3 1/7/03 20:00 0.2 0.4 0.4 0.4 0.8 0.6 0.7 0.2 0.2
4 1/8/03 20:00 0.8 0.6 0.8 1.2 1.4 1.4 0.2 0.2 0.0
5 1/9/03 20:00 1.4 0.8 1.6 2.2 2.8 2.2 0.0 0.0 0.0
6 1/10/03 20:00 0.8 0.0 0.8 2.6 4.4 3.4 0.2 0.0 0.2




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 1/4/03 20:00 8.28 8.34 8.37 8.38 8.42 8.41 8.39 8.40 8.41
1 1/5/03 20:00 8.18 7.95 8.28 8.3 8.34 8.36 8.43 8.34 8.42
2 1/6/03 20:00 8.24 8.20 8.21 8.20 8.26 8.23 8.26 8.23 8.24
3 1/7/03 20:00 8.13 8.03 8.08 8.02 8.11 8.09 8.12 8.14 8.13
4 1/8/03 20:00 7.81 7.86 8.10 8.02 8.07 7.99 8.23 8.18 8.19
5 1/9/03 20:00 8.23 8.07 8.14 8.05 8.06 7.90 8.19 8.27 8.28
6 1/10/03 20:00 8.19 8.20 8.14 8.02 8.08 8.21 8.05 8.20 8.20




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 1/4/03 20:00 5.61 6.00 5.48 5.41 6.01 6.09 6.61 5.52 6.36
1 1/5/03 20:00 5.48 4.69 6.52 4.90 7.24 6.21 6.47 6.40 6.41
2 1/6/03 20:00 5.60 6.24 6.30 6.34 6.08 6.13 6.82 6.31 6.48
3 1/7/03 20:00 6.13 4.58 5.92 5.83 4.83 4.91 5.95 5.92 6.04
4 1/8/03 20:00 4.30 6.04 6.62 6.15 5.10 5.29 6.63 6.17 6.23
5 1/9/03 20:00 5.36 4.88 5.96 4.39 4.53 4.10 5.85 5.27 5.12
6 1/10/03 20:00 6.03 6.25 6.55 5.83 5.85 6.95 5.01 4.96 5.96




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 1/4/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
1 1/5/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
2 1/6/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
3 1/7/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
4 1/8/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
5 1/9/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
6 1/10/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
7 1/11/03 20:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt



























III-2 SCREENING TRIAL AT 25oC 
 
STUDY DESCRIPTION: ROTIFER TEMP-SAL SCREENING TRIAL  
# 2 (25 C/10,15,20 PPT)　 
STUDY PERIOD: 09/23/2002-10/01/2002 
ROTIFER SPECIES: Brachionus rotundiformis 
MICORALGAE SPECIES: Selenastrum capricornutum 
 
 172
Trial 2- 25 C/10,15,20 ppt 
Rotifer counts
Rotifer counts (rot/mL) 
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 9/23/02 2:30 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 9/24/02 2:30 1.6 0.8 1.0 1.0 0.8 1.2 1.4 1.4 1.2
2 9/25/02 2:30 4.0 3.0 3.8 5.0 3.5 5.0 5.7 5.7 6.0
3 9/26/02 2:30 4.0 4.0 5.0 6.5 8.5 8.5 9.0 10.0 8.0
4 9/27/02 2:00 11.0 11.5 13.0 21.5 20.5 22.0 15.0 16.0 16.5
5 9/28/02 2:00 27.5 32.5 34.5 43.0 27.0 35.0 14.7 37.0 13.3
6 9/29/02 2:30 61.0 66.5 63.5 108.0 97.0 95.0 86.0 51.5 69.5
7 9/30/02 2:00 95.0 106.5 103.0 132.5 155.0 145.0 115.5 110.0 129.0
8 10/1/02 2:00 205.0 192.0 203.0 242.0 244.0 235.5 198.5 215.5 235.5
Egg counts
Rotifer egg counts (eggs/mL) 
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 9/23/02 2:30
1 9/24/02 2:30
2 9/25/02 2:30 0.2 1.2 0.4 1.5 5.0 5.0 4.7 3.3 3.7
3 9/26/02 2:30 5.0 3.0 5.0 7.0 5.5 6.0 9.0 8.0 7.0
4 9/27/02 2:00 12.0 8.0 6.0 11.5 13.0 14.5 12.5 11.0 12.5
5 9/28/02 2:00 17.0 23.5 19.5 32.5 16.5 17.0 14.7 29.5 13.3
6 9/29/02 2:30 41.5 39.0 46.5 37.0 34.5 40.0 24.5 32.0 31.5
7 9/30/02 2:00 73.5 57.0 61.5 51.0 65.5 61.5 32.0 69.5 11.3




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 9/23/02 2:30 7.71 7.61 7.65 7.61 7.70 7.72 7.92 7.90 7.94
1 9/24/02 2:30 7.75 7.72 7.50 7.78 7.80 7.86 7.94 7.95 7.98
2 9/25/02 2:30 7.76 7.70 7.33 7.93 7.80 7.81 8.01 7.85 8.01
3 9/26/02 2:30 7.42 7.56 7.55 7.82 7.59 7.80 7.62 7.59 7.61
4 9/27/02 2:00 7.33 7.44 7.45 7.63 7.37 7.67 7.51 7.65 7.53
5 9/28/02 2:00 7.13 7.28 7.29 7.52 6.92 7.50 7.19 6.56 6.98
6 9/29/02 2:30 7.01 7.07 7.57 7.62 7.41 7.39 7.44 7.22 7.51
7 9/30/02 2:00 6.63 6.38 6.75 7.23 6.84 6.74 7.07 6.63 7.20




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 9/23/02 2:30 8.45 8.58 8.49 8.58 8.48 8.45 8.58 8.49 8.56











Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 9/23/02 2:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
1 9/24/02 2:30 9.0 10.0 10.0 15.0 15.0 16.0 20.0 20.0 20.0
2 9/25/02 2:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
3 9/26/02 2:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
4 9/27/02 2:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
5 9/28/02 2:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt


























III-3 SCREENING TRIAL AT 30oC 
 
STUDY DESCRIPTION: ROTIFER TEMP-SAL SCREENING TRIAL  
# 3 (30 C/10,15,20 PPT)　 
STUDY PERIOD: 10/31/2002-11/07/2002 
ROTIFER SPECIES: Brachionus rotundiformis 








Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 10/31/02 14:00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 11/1/02 14:00 9.5 11.5 11.0 13.5 10.5 12.0 10.5 14.5 16.5
2 11/2/02 14:00 11.3 10.0 10.5 10.3 8.0 9.0 7.5 5.0 6.0
3 11/3/02 14:00 14.5 11.5 14.5 11.0 17.3 18.0 9.3 8.8 9.0
4 11/4/02 14:00 35.0 17.7 24.7 28.0 33.0 25.0 13.5 12.5 11.5
5 11/5/02 14:00 49.3 33.5 45.7 49.7 46.0 44.0 22.0 26.5 24.0
6 11/6/02 14:00 140.7 95.3 157.5 124.0 99.0 109.5 48.0 41.0 54.0
7 11/7/02 14:00 526.0 327.0 457.0 359.5 413.5 428.5 215.0 151.5 201.0
Egg counts
Rotifer egg counts (eggs/mL) 
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 10/31/02 14:00
1 11/1/02 14:00 5.5 5.5 7.0 7.5 9.0 10.0 8.5 9.0 9.0
2 11/2/02 14:00 5.3 6.0 7.0 4.3 5.0 7.0 4.3 5.6 3.4
3 11/3/02 14:00 7.0 13.5 10.5 5.0 8.0 6.0 4.0 1.5 1.5
4 11/4/02 14:00 8.0 5.3 5.3 4.5 4.0 4.5 1.5 25.0 4.0
5 11/5/02 14:00 21.0 27.5 30.0 43.0 42.5 23.0 5.0 16.5 10.7
6 11/6/02 14:00 104.7 59.7 108.5 73.5 71.5 89.0 36.0 26.5 36.3




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 10/31/02 14:00 7.46 7.53 7.58 7.76 7.86 7.91 7.84 7.85 7.90
1 11/1/02 14:00 7.57 7.60 7.70 7.69 7.86 7.74 7.74 7.70 7.69
2 11/2/02 14:00 7.07 7.35 7.44 7.52 7.69 7.60 7.27 7.61 7.63
3 11/3/02 14:00 6.93 7.02 7.04 7.82 7.84 7.41 7.69 7.71 7.65
4 11/4/02 14:00 7.01 7.09 7.06 7.78 7.65 7.53 7.78 7.92 7.62
5 11/5/02 14:00 7.59 7.29 7.48 7.54 7.44 7.59 6.83 7.68 7.70
6 11/6/02 14:00 7.47 7.71 7.23 7.70 7.69 7.27 7.40 7.62 7.57




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 10/31/02 14:00 6.05 5.87 6.08 6.02 6.05 6.10 6.06 6.09 6.08
1 11/1/02 14:00 6.02 5.98 5.97 6.05 5.95 5.98 6.05 6.03 6.10
2 11/2/02 14:00 3.56 3.69 3.45 4.07 4.09 3.95 2.30 2.37 2.50
3 11/3/02 14:00 1.60 2.03 0.47 6.06 5.86 3.11 5.43 4.94 4.81
4 11/4/02 14:00 4.02 4.80 4.70 4.01 4.71 5.05 5.01 4.76 4.89
5 11/5/02 14:00 5.02 3.30 4.55 4.46 3.84 4.33 4.79 0.51 3.40
6 11/6/02 14:00 4.96 5.12 3.43 5.45 4.77 2.52 3.28 3.83 4.09




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 10/31/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
1 11/1/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
2 11/2/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
3 11/3/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
4 11/4/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
5 11/5/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
6 11/6/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
7 11/7/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt






























III-4 SCREENING TRIAL AT 35oC 
 
STUDY DESCRIPTION: ROTIFER TEMP-SAL SCREENING TRIAL 
 # 4 (35 C/10,15,20 PPT)　 
STUDY PERIOD: 11/23/2002-11/30/2002 
ROTIFER SPECIES: Brachionus rotundiformis 
MICORALGAE SPECIES: Selenastrum capricornutum 
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Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 11/23/02 14:00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 11/24/02 14:00 0.6 0.6 1.2 0.4 1.2 0.8 1.6 1.4 1.2
2 11/25/02 14:00 2.2 2.2 1.4 2.8 3.0 2.4 1.4 2.2 2.0
3 11/26/02 14:00 2.0 2.7 2.7 6.3 6.5 6.0 3.7 4.3 3.0
4 11/27/02 14:00 4.2 4.0 6.0 6.8 9.0 8.0 8.0 8.3 8.5
5 11/28/02 14:00 5.0 5.3 4.5 6.8 8.8 11.0 8.3 9.3 9.7
6 11/29/02 14:00 8.0 6.0 3.5 7.0 9.3 12.0 9.3 10.0 9.3
7 11/30/02 14:00 6.8 6.3 2.5 6.2 5.3 15.3 5.0 4.0 2.0
Egg counts
Rotifer egg counts (eggs/mL) 
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 11/23/02 14:00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 11/24/02 14:00 0.4 0.0 0.8 0.4 0.6 0.4 0.8 1.8 0.8
2 11/25/02 14:00 1.8 0.2 1.0 1.0 1.6 0.4 1.0 2.0 0.8
3 11/26/02 14:00 2.0 1.0 1.0 3.3 2.5 2.8 2.8 3.3 2.3
4 11/27/02 14:00 0.8 2.0 1.0 2.3 2.0 3.3 1.5 3.3 3.3
5 11/28/02 14:00 2.0 1.7 2.0 1.0 1.5 5.5 7.0 4.5 3.7
6 11/29/02 14:00 1.0 0.3 1.0 2.0 1.3 4.3 2.7 1.5 6.0




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 11/23/02 14:00 8.26 8.25 8.32 8.23 8.22 8.25 8.20 8.22 8.24
1 11/24/02 14:00 8.14 8.11 8.16 8.23 8.17 8.05 8.08 8.06 8.12
2 11/25/02 14:00 7.72 7.65 7.71 7.75 7.76 7.80 7.77 7.69 7.72
3 11/26/02 14:00 7.94 7.92 7.94 7.95 8.02 7.99 7.91 7.77 7.77
4 11/27/02 14:00 8.02 7.85 7.87 7.89 7.95 7.46 7.90 7.70 7.69
5 11/28/02 14:00 7.88 7.83 7.89 7.95 8.04 8.01 7.95 7.71 7.73
6 11/29/02 14:00 7.46 7.88 7.93 8.02 8.04 8.04 8.00 7.87 7.75




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 11/23/02 14:00 4.54 5.08 4.64 4.96 4.67 5.04 4.08 4.40 4.67
1 11/24/02 14:00 4.16 4.02 4.24 4.82 3.48 3.09 2.62 2.58 3.68
2 11/25/02 14:00 4.18 4.29 3.81 3.78 3.24 3.24 4.03 3.34 3.13
3 11/26/02 14:00 3.45 4.28 4.40 4.01 4.35 3.45 3.91 3.49 3.68
4 11/27/02 14:00 3.51 4.16 3.68 3.71 3.64 3.11 3.63 3.17 3.03
5 11/28/02 14:00 3.59 4.33 3.36 3.70 4.14 4.23 3.44 3.27 4.04
6 11/29/02 14:00 3.42 4.19 3.45 4.02 3.38 4.17 3.44 3.37 3.27




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 11/23/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
1 11/24/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
2 11/25/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
3 11/26/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
4 11/27/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
5 11/28/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
6 11/29/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
7 11/30/02 14:00 10.0 10.0 10.0 15.0 15.0 15.0 19.0 19.0 19.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
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III-5 REPEATED TRIAL AT 25oC 
STUDY DESCRIPTION: ROTIFER TEMP-SAL SCREENING TRIAL  
# 5 (25 C/10,15,20 PPT)　 
STUDY PERIOD: 07/10/2003-07/26/2003 
ROTIFER SPECIES: Brachionus rotundiformis 
MICORALGAE SPECIES: Selenastrum capricornutum 
 




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 07/10/03 14:00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 07/11/03 14:00 1.2 1.3 1.3 2.0 0.8 0.6 1.2 0.6 1.0
2 07/12/03 14:00 4.2 4.0 0.8 1.6 2.0 2.6 2.0 1.0 2.2
3 07/13/03 14:00 5.8 9.0 2.0 4.7 2.5 4.0 8.5 3.0 3.0
4 07/14/03 14:00 6.5 6.5 5.0 8.0 5.5 5.5 11.5 6.0 5.5
5 07/15/03 14:00 10.0 7.5 10.7 9.5 7.8 11.0 25.0 10.5 12.0
6 07/16/03 14:00 21.5 16.5 19.0 16.5 14.0 12.0 33.0 18.5 17.3
7 07/17/03 14:00 32.7 24.5 28.0 35.5 28.5 20.5 51.5 47.0 38.5
8 07/18/03 14:00 48.5 38.0 51.5 72.5 57.0 84.5 75.5 118.5 108.5
9 07/19/03 14:00 115.5 129.0 82.5 110.0 88.5 140.5 116.0 117.0 110.5
10 07/20/03 14:00 206.0 196.5 91.0 123.0 92.5 130.5 125.0 118.0 118.0
11 07/21/03 14:00 364.5 261.5 132.0 137.5 164.5 273.0 211.0 140.0 165.5
12 07/22/03 14:00 434.5 436.0 174.0 215.5 179.5 347.0 274.5 171.0 157.3
13 07/23/03 14:00 553.5 510.0 191.5 255.0 190.0 356.0 328.0 146.0 75.0
14 07/24/03 14:00 523.0 498.0 202.0 296.0 177.0 335.0 267.0 102.0 19.0
15 07/25/03 14:00 477.5 496.5 154.5 161.5 139.0 229.0 267.0 86.5 3.0
16 07/26/03 14:00 456.5 391.5 154.5 175.0 102.0 207.5 172.5 27.5 1.0
Egg counts
Rotifer egg counts (eggs/mL) 
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 07/10/03 14:00
1 07/11/03 14:00 0.7 1.7 0.3 0.6 0.4 0.2 0.2 0.2 1.2
2 07/12/03 14:00 0.4 1.0 0.0 0.4 0.6 0.6 0.4 0.2 1.2
3 07/13/03 14:00 2.8 3.0 1.0 0.7 1.3 1.0 3.5 2.0 2.5
4 07/14/03 14:00 3.5 3.5 3.5 4.0 3.0 3.5 5.0 3.0 2.0
5 07/15/03 14:00 1.7 1.0 3.3 2.0 2.5 0.5 9.0 8.3 5.0
6 07/16/03 14:00 9.5 13.0 6.0 5.0 7.0 4.3 16.0 9.5 9.5
7 07/17/03 14:00 25.0 14.0 15.0 13.5 20.5 8.0 22.0 18.0 22.5
8 07/18/03 14:00 19.5 21.5 23.0 14.0 12.0 17.5 8.0 12.5 11.5
9 07/19/03 14:00 46.0 60.0 20.0 12.5 12.0 30.5 20.0 13.0 6.0
10 07/20/03 14:00 91.5 67.0 35.7 45.0 40.0 61.0 57.0 40.0 40.0
11 07/21/03 14:00 41.5 52.5 33.0 31.0 40.5 10.0 36.0 26.0 25.5
12 07/22/03 14:00 42.5 41.0 17.0 17.5 15.0 36.5 25.5 9.7 7.7
13 07/23/03 14:00 20.5 18.0 8.0 5.5 2.0 3.0 18.0 2.7 2.0
14 07/24/03 14:00 7.0 10.0 8.0 4.0 0.5 0.0 10.5 1.0 0.0
15 07/25/03 14:00 2.5 7.5 5.5 0.5 0.0 0.0 2.0 0.5 0.0
16 07/26/03 14:00 0.0 2.0 1.5 0.5 0.0 0.0 0.0 0.5 0.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt







Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 07/10/03 14:00 8.23 8.19 8.21 8.22 8.23 8.32 8.25 8.26 8.28
1 07/11/03 14:00 8.27 8.27 8.23 8.23 8.25 8.27 8.21 8.23 8.23
2 07/12/03 14:00 8.27 8.26 8.26 8.23 8.23 8.26 8.24 8.30 8.29
3 07/13/03 14:00 8.18 8.16 8.15 8.12 8.09 8.13 8.10 8.14 8.16
4 07/14/03 14:00 8.29 8.32 8.18 8.26 8.16 8.29 8.28 8.28 8.26
5 07/15/03 14:00 8.31 8.41 8.21 8.31 8.34 8.39 8.33 8.33 8.39
6 07/16/03 14:00 8.29 8.24 8.26 8.19 8.25 8.44 8.20 8.42 8.54
7 07/17/03 14:00 8.23 8.14 8.06 7.91 7.89 8.12 8.29 8.31 8.23
8 07/18/03 14:00 8.36 8.35 8.29 8.14 8.08 8.15 8.25 8.29 8.19
9 07/19/03 14:00 8.08 8.10 8.14 8.10 8.42 8.10 8.25 8.27 8.25
10 07/20/03 14:00 8.04 7.94 7.93 8.02 8.06 8.08 8.10 8.14 8.12
11 07/21/03 14:00 8.35 8.18 8.27 8.32 8.44 8.53 8.36 8.48 8.40
12 07/22/03 14:00 8.39 8.09 8.27 8.25 8.45 8.45 8.44 8.54 8.55
13 07/23/03 14:00 8.43 8.45 8.37 8.30 8.51 8.54 8.50 8.56 8.55
14 07/24/03 14:00 8.39 8.44 8.33 8.26 8.48 8.52 8.40 8.47 8.48
15 07/25/03 14:00 8.45 8.56 8.44 8.43 8.58 8.65 8.55 8.60 8.60




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 07/10/03 15:30 5.00 5.84 6.23 6.00 5.28 5.07 4.11 6.03 5.28
1 07/11/03 15:30 6.36 5.47 6.84 6.28 6.44 5.01 5.82 6.23 6.24
2 07/12/03 15:30 5.95 6.32 6.44 6.36 6.22 4.95 5.88 4.70 5.10
3 07/13/03 15:30 5.69 5.16 5.35 5.34 5.37 5.98 6.28 5.22 5.43
4 07/14/03 15:30 6.25 6.15 5.71 7.60 6.40 6.65 6.08 6.05 5.69
5 07/15/03 15:30 5.74 5.09 5.24 5.52 5.79 5.78 4.64 4.83 5.68
6 07/16/03 15:30 5.75 5.15 5.01 4.88 4.74 5.87 3.93 4.93 4.78
7 07/17/03 15:30 6.21 6.58 5.65 4.52 5.35 4.92 5.62 5.30 5.67
8 07/18/03 15:30 6.21 6.03 4.84 4.68 5.29 5.82 5.38 5.25 4.85
9 07/19/03 15:30 4.44 5.18 4.70 5.32 6.47 4.88 5.90 4.97 4.76
10 07/20/03 15:30 5.01 4.72 3.87 5.47 4.91 4.72 4.67 4.56 4.67
11 07/21/03 15:30 5.62 5.28 5.84 5.29 6.80 7.47 6.09 6.28 6.48
12 07/22/03 15:30 6.35 5.48 5.56 4.43 7.08 6.35 6.26 6.55 6.28
13 07/23/03 15:30 6.55 6.63 5.98 4.81 7.20 6.58 5.65 4.92 6.85
14 07/24/03 15:30 5.38 6.49 5.90 5.52 6.91 6.06 5.54 6.70 6.50
15 07/25/03 15:30 6.06 6.41 5.77 5.39 6.39 6.31 5.69 6.59 6.78




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 07/10/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
1 07/11/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
2 07/12/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
3 07/13/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
4 07/14/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
5 07/15/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
6 07/16/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
7 07/17/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
8 07/18/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
9 07/19/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
10 07/20/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
11 07/21/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
12 07/22/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
13 07/23/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
14 07/24/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
15 07/25/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
16 07/26/03 15:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
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III-6 REPEATED TRIAL AT 30oC 
STUDY DESCRIPTION: ROTIFER TEMP-SAL SCREENING TRIAL # 
6 (30 C/10,15,20 PPT)　 
STUDY PERIOD: 06/25/2002-07/28/2003 
ROTIFER SPECIES: Brachionus rotundiformis 








Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 06/25/03 14:00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
1 06/26/03 14:00 0.6 1.0 0.8 0.6 0.6 0.6 0.8 0.4 0.4
2 06/27/03 14:00 1.6 2.2 2.4 1.2 1.2 1.0 0.8 0.6 1.0
3 06/28/03 14:00 6.7 11.3 8.3 5.7 5.7 3.7 1.7 1.0 2.3
4 06/29/03 14:00 13.3 38.3 30.3 7.7 8.0 5.0 11.3 3.7 6.3
5 06/30/03 14:00 91.3 153.0 124.0 54.5 27.5 41.0 44.7 16.0 23.0
6 07/01/03 14:00 223.5 357.3 439.5 94.5 55.0 114.0 90.5 31.0 59.7
7 07/02/03 14:00 340.5 301.0 531.5 148.0 129.5 126.0 167.0 69.5 150.5
8 07/03/03 14:00 349.5 394.0 655.0 234.0 235.0 253.0 192.5 107.0 238.5
9 07/04/03 14:00 363.0 Crash 557.0 156.0 202.5 268.0 178.0 96.5 185.5
10 07/05/03 14:00 314.5 Crash 573.5 178.5 209.0 339.0 189.5 139.5 240.0
11 07/06/03 14:00 302.5 Crash 638.0 131.5 229.5 294.0 203.0 105.5 250.0
12 07/07/03 14:00 227.5 Crash 369.5 101.0 160.5 263.5 169.0 375.0 179.5
13 07/08/03 14:00 171.0 Crash 345.5 69.0 91.0 220.5 112.0 39.5 119.0
Egg counts
Rotifer egg counts (eggs/mL) 
DAY# DATE TIME
Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 06/25/03 14:00
1 06/26/03 14:00 0.4 0.4 0.6 0.6 0 0.6 0 0.2 0.2
2 06/27/03 14:00 1.0 0.2 2.2 0.0 0.2 0.2 1.0 0.0 0.6
3 06/28/03 14:00 1.3 6.7 4.3 3.3 1.3 2.0 0.0 0.7 1.3
4 06/29/03 14:00 11.5 34.3 27.0 11.0 7.7 3.0 7.0 4.7 3.7
5 06/30/03 14:00 56.6 29.5 83.5 13.0 9.0 23.5 19.3 7.5 8.5
6 07/01/03 14:00 56.5 48.0 47.5 46.5 26.5 60.5 53.0 22.0 37.3
7 07/02/03 14:00 18.0 15.5 12.5 8.0 10.5 7.5 16.0 2.5 11.5
8 07/03/03 14:00 9.5 10.5 11.5 5.0 3.0 6.5 4.0 2.5 6.0
9 07/04/03 14:00 14.0 Crash 35.0 5.0 12.0 14.5 6.5 4.0 9.5
10 07/05/03 14:00 3.5 Crash 3.0 0.0 3.0 6.0 1.5 5.0 4.0
11 07/06/03 14:00 0.5 Crash 0.5 0.5 11.5 5.0 4.5 1.0 3.0
12 07/07/03 14:00 0.5 Crash 0.5 0.5 1.0 2.0 3.0 0.0 0.0
13 07/08/03 14:00 1.0 Crash 0.0 0.5 0.0 0.0 2.0 0.0 1.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt









Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 06/25/03 14:30 8.45 8.43 8.42 8.39 8.35 8.36 8.41 8.43 8.42
1 06/26/03 14:30 8.29 8.35 8.30 8.15 8.21 8.21 8.29 8.33 8.33
2 06/27/03 14:30 8.38 8.38 8.32 8.29 8.25 8.27 8.37 8.39 8.36
3 06/28/03 14:30 8.14 8.19 7.94 8.01 8.08 8.09 8.29 8.31 8.12
4 06/29/03 14:30 8.21 8.04 7.77 7.92 7.90 7.72 8.21 8.23 8.20
5 06/30/03 14:30 8.10 7.96 7.60 7.97 7.96 8.22 8.24 8.17 8.23
6 07/01/03 14:30 8.25 7.89 8.02 7.85 7.86 8.15 8.15 8.05 8.12
7 07/02/03 14:30 8.40 8.19 8.38 8.11 8.43 8.44 8.45 8.60 8.35
8 07/03/03 14:30 8.06 8.40 8.36 7.99 8.13 8.27 8.15 8.36 8.31
9 07/04/03 14:30 8.17 2.41 8.10 8.04 7.97 8.25 7.96 8.34 8.25
10 07/05/03 14:30 8.40 2.40 8.15 8.13 7.92 8.29 8.11 8.41 8.34
11 07/06/03 14:30 8.24 2.47 7.91 8.06 7.75 8.15 8.19 8.43 8.40
12 07/07/03 14:30 8.11 2.39 8.07 7.81 7.58 7.95 8.13 8.39 8.44




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 06/25/03 14:30 5.71 4.11 5.44 4.20 4.27 3.73 4.90 4.80 5.01
1 06/26/03 14:30 4.75 5.31 4.59 4.30 5.73 4.36 4.82 4.98 4.36
2 06/27/03 14:30 5.86 6.20 5.78 4.06 4.72 4.63 4.98 5.75 3.94
3 06/28/03 14:30 3.83 4.83 3.99 3.86 3.84 3.28 4.28 4.86 3.02
4 06/29/03 14:30 4.58 4.93 6.09 4.58 4.43 3.26 5.45 5.46 4.36
5 06/30/03 14:30 4.66 4.63 3.93 4.45 4.84 5.59 4.53 4.57 6.35
6 07/01/03 14:30 4.96 3.89 5.97 5.64 5.60 6.50 6.34 6.05 6.30
7 07/02/03 14:30 6.03 4.18 4.89 3.98 5.38 5.65 4.42 5.89 3.83
8 07/03/03 14:30 4.21 5.64 5.44 5.63 5.16 6.58 4.30 5.65 6.11
9 07/04/03 14:30 5.90 5.72 4.74 4.73 4.05 5.36 4.19 5.30 4.33
10 07/05/03 14:30 5.81 5.23 4.48 4.22 3.87 5.59 4.52 6.25 4.30
11 07/06/03 14:30 3.88 5.23 4.48 4.60 4.87 5.39 4.81 5.30 5.40
12 07/07/03 14:30 4.62 5.44 4.54 4.39 4.51 6.10 5.10 6.21 6.24




Rep. I-1 Rep. I-2 Rep.I-3 Rep. II-1 Rep. II-2 Rep. II-3 Rep. III-1 Rep. III-2 Rep. III-3
0 06/25/03 16:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
1 06/26/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
2 06/27/03 11:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
3 06/28/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
4 06/29/03 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
5 06/30/03 14:00 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
6 07/01/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
7 07/02/03 13:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
8 07/03/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
9 07/04/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
10 07/05/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
11 07/06/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
12 07/07/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
13 07/08/03 14:30 10.0 10.0 10.0 15.0 15.0 15.0 20.0 20.0 20.0
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
Treatment I-10 ppt Treatment II-15 ppt Treatment III-20 ppt
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 APPENDIX IV 
DATA FOR EFFECTS OF THE DENSITIES OF 
NANNOCHLOROPSIS OCULATA AND SELENASTRUM 









IV-1 Selenastrum capricornutum 
STUDY DESCRIPTION: EFFECTS OF THE DENSITIES OF Selenastrum 
capricornutum ON ROTIFER GROWTH 　 
STUDY PERIOD: 03/19/2003-03/23/2003 
ROTIFER SPECIES: Brachionus rotundiformis 













 Selenastrum capricornutum  - 03192004
Rotifer counts
Rotifer counts (rot/mL)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
3/19/2004 0 8.0 10.0 11.0 11.0 14.0 9.0 8.0 5.0 11.0 6.0 7.0 11.0 2.5 2.0 4.0
3/20/2004 24 8.0 11.0 7.0 12.0 12.0 9.0 7.0 10.5 13.5 13.0 10.0 13.0 9.0 7.0 6.0
3/21/2004 48 5.0 17.0 7.0 14.0 14.0 12.0 10.0 16.0 33.0 45.0 25.0 39.0 35.0 20.0 26.0
3/22/2004 72 25.7 31.0 13.0 67.0 42.5 24.5 73.0 67.0 94.5 116.0 89.0 99.0 99.0 86.0 62.5
3/23/2004 96 49.0 46.5 42.5 142.5 143.0 105.5 165.0 183.5 227.5 243.0 243.0 297.0 227.0 172.0 164.0
Rotifer egg counts
Rotifer egg counts (eggs/mL)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
3/19/2004 0 1.0 0.0 2.0 2.0 3.0 1.0 1.0 3.0 2.0 2.0 0.0 3.0 0.0 1.0 1.0
3/20/2004 24 0.0 1.0 0.0 2.0 8.0 4.0 4.0 5.5 6.5 6.0 9.0 11.0 11.0 6.0 4.0
3/21/2004 48 1.0 3.0 0.0 8.0 2.0 2.0 2.0 9.0 19.0 25.0 10.0 18.0 14.0 4.0 9.0
3/22/2004 72 2.7 2.0 1.5 13.0 8.0 12.5 23.0 27.0 44.5 54.0 34.0 64.0 29.0 36.0 24.5
3/23/2004 96 0.0 2.0 3.5 2.0 2.0 7.0 29.0 44.5 48.5 102.0 95.0 126.0 89.5 159.0 47.5
Algae cell counts
Algae cell counts (106 cells/mL)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
3/19/2004 0 0.14 0.14 0.14 0.37 0.37 0.37 2.69 2.69 2.69 9.85 9.85 9.85 20.10 20.10 20.10
3/20/2004 24 0.07 0.02 0.08 0.23 0.40 0.51 2.26 2.00 1.87 11.30 12.00 13.20 24.00 25.85 18.75
3/21/2004 48 0.06 0.04 0.07 0.23 0.12 0.28 2.97 2.14 1.85 9.10 9.45 9.40 20.10 23.86 27.65
3/22/2004 72 0.08 0.00 0.06 0.06 0.05 0.15 1.34 0.69 0.95 11.65 10.25 10.25 11.35 16.90 17.80
3/23/2004 96 0.00 0.00 0.01 0.00 0.00 0.01 0.13 0.55 0.12 9.73 13.10 8.80 7.80 14.10 10.00
pH
pH (pH unit)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
3/19/2004 0 8.44 8.39 8.46 8.44 8.42 8.46 8.42 8.38 8.37 8.26 8.18 8.27 8.00 8.18 8.11
3/20/2004 24 8.51 8.45 8.49 8.51 8.52 8.52 8.39 8.47 8.27 8.29 8.14 8.27 8.27 8.19 8.19
3/21/2004 48 8.48 8.45 8.48 8.42 8.46 8.48 8.37 8.39 8.27 8.15 8.19 8.22 8.31 8.21 8.29
3/22/2004 72 8.45 8.44 8.45 8.22 8.27 8.33 8.19 8.21 8.00 8.11 8.17 8.13 8.13 7.99 8.17
3/23/2004 96 8.36 8.40 8.28 8.33 8.39 8.29 8.06 8.10 7.84 7.95 8.03 7.91 7.97 8.02 8.10
DO
DO (mg/L)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
3/19/2004 0 5.68 5.85 5.75 5.87 6.11 5.82 5.88 5.74 5.02 5.91 4.83 5.64 4.85 5.74 5.17
3/20/2004 24 5.26 5.30 5.94 5.61 6.01 5.71 5.14 5.75 4.40 3.32 3.00 4.91 5.54 4.64 4.73
3/21/2004 48 5.31 5.59 6.05 5.65 6.17 5.58 5.07 5.58 4.84 4.31 4.89 4.84 5.52 4.49 5.16
3/22/2004 72 5.63 5.41 5.16 5.69 6.00 5.70 5.52 4.89 4.54 5.34 5.49 5.43 5.00 4.83 5.24








Selenastrum capricornutum  - 03192004
Rotifer counts
Date hrs Mean rotifer counts (rot/mL)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
3/19/2004 0 9.7 11.3 8.0 8.0 2.8
3/20/2004 24 8.7 11.0 10.3 12.0 7.3
3/21/2004 48 9.7 13.3 19.7 36.3 27.0
3/22/2004 72 23.2 44.7 78.2 101.3 82.5
3/23/2004 96 46.0 130.3 192.0 261.0 187.7
Date hrs Mean rotifer egg ratio (100%)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
3/19/2004 0 10.34% 17.65% 25.00% 20.83% 23.53%
3/20/2004 24 3.85% 42.42% 51.61% 72.22% 95.45%
3/21/2004 48 13.79% 30.00% 50.85% 48.62% 33.33%
3/22/2004 72 8.90% 25.00% 40.30% 50.00% 36.16%
3/23/2004 96 3.99% 2.81% 21.18% 41.25% 52.58%
Date hrs Mean algae counts (106 cells/mL)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
3/19/2004 0 0.14 0.37 2.69 9.85 20.10
3/20/2004 24 0.10 0.37 2.37 11.01 21.48
3/21/2004 48 0.10 0.29 2.51 9.58 21.99
3/22/2004 72 0.09 0.23 1.84 10.28 17.73
3/23/2004 96 0.07 0.19 1.48 10.20 15.37
Date hrs Mean algae TSS (mg TSS/L)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
3/19/2004 0 8.91 15.36 78.97 275.29 556.33
3/20/2004 24 7.91 15.47 70.10 307.05 594.26
3/21/2004 48 7.88 13.14 73.89 267.98 608.02
3/22/2004 72 7.72 11.45 55.71 287.17 491.21




Selenastrum capricornutum  - 03192004
Nominal Algae Conc. NGR
(10^6 Cells/mL) (10^6 Cells/mL)  (mg TSS/L)  (/day) (rotifers/10^6 Cells) (x103 rotifers/mg Algae TSS)
0.25 0.09 7.72 0.8769 280.69 10.24
1.00 0.23 11.45 1.2090 219.88 8.02
4.00 1.84 55.71 1.3799 68.96 2.51
16.00 9.58 267.98 1.1078 17.06 0.62
64.00 21.99 608.02 1.3034 12.38 0.45
Lineweaver-Burk plot method
Data # A (106 Cells/mL) u (day-1) 1/A (mL/106Cells) 1/u (day)
1 0.09 0.8769 10.9091 1.1404
2 0.23 1.2090 4.3956 0.8272
3 1.84 1.3799 0.5430 0.7247
4 9.58 1.1078 0.1043 0.9027
5 21.99 1.3034 0.0455 0.7672
Hanes plot method
Data # A (106 Cells/mL) u (day-1) A (106 Cells/mL) A/u [(106 Cells/mL*day]
1 0.09 0.8769 0.0917 0.1045
2 0.23 1.2090 0.2275 0.1882
3 1.84 1.3799 1.8417 1.3346
4 9.58 1.1078 9.5833 8.6506
5 21.99 1.3034 21.9850 16.8673























IV-2 Nannochloropsis oculata 
STUDY DESCRIPTION: EFFECTS OF THE DENSITIES OF 
Nannochloropsis oculata ON THE GROWTH OF ROTIFER  
(Brachionus rotundiformis) 
STUDY PERIOD: 03/19/2003-03/23/2003 
ROTIFER SPECIES: Brachionus rotundiformis 














Nannochloropsis oculata - 04222005
Rotifer counts
Rotifer counts (rot/mL)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
4/29/2005 0 11 4 5 6 6 7 4 4 5 3 6 5 5 4 5
4/30/2005 24 8 10 8 12 12 15 13 11 9 13 11 9 11 12 14
5/1/2005 48 2 4 3 18 24 20 30 20 29 19 16 28 23 24 18
5/2/2005 72 16 17 15 41 34 31 17 23 22 45 41 42
5/3/2005 96 9 14 13 79 55 55 43 37 43 56 58 54
5/4/2005 120 129 93 100 100 101 91 72 79 80
5/5/2005 144 183 168 182
Rotifer egg counts
Rotifer egg counts (eggs/mL)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
4/29/2005 0 8 1 3 3 4 4 1 0 4 2 4 3 5 1 1
4/30/2005 24 2 1 0 7 11 13 6 4 7 7 7 8 5 6 15
5/1/2005 48 1 0 0 1 7 4 18 15 13 13 8 12 19 21 10
5/2/2005 72 7 5 7 21 19 21 14 13 18 38 39 34
5/3/2005 96 1 6 3 32 16 20 47 20 37 68 48 40
5/4/2005 120 19 9 12 42 32 58 63 46 48
5/5/2005 144 18 14 16 98 96 112 14 14 16
Algae cell counts
Algae cell counts (106 cells/mL)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
4/29/2005 0 0.25 0.26 0.23 0.94 1.08 1.00 3.64 4.28 4.08 17.65 17.50 12.30 58.25 67.25 73.50
4/30/2005 24 0.17 0.09 0.09 0.18 0.24 0.23 1.17 1.20 1.52 10.00 8.75 10.00 32.45 47.25 60.25
5/1/2005 48 0.13 0.15 0.24 1.08 1.98 0.92 15.05 16.10 14.65
5/2/2005 72 0.15 0.14 0.09 0.29 0.40 0.36 13.10 11.90 10.05 36.25 41.25 37.50
5/3/2005 96 0.10 0.12 0.04 0.04 0.10 0.04 4.05 5.95 6.20 20.25 25.00 16.00
5/4/2005 120 0.02 0.03 0.04 1.90 2.15 1.45 22.00 29.25 20.50
5/5/2005 144 0.08 0.08 0.05 0.34 0.30 0.22 38.00 24.25 29.75
pH
pH (pH unit)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
4/29/2005 0 8.44
4/30/2005 24 8.67 8.67 8.62 8.62 8.35
5/1/2005 48
5/2/2005 72 8.37 8.40 8.38 8.40 8.39
5/3/2005 96 8.46 8.37 8.42
5/4/2005 120
5/5/2005 144  
DO
DO (mg/L)
DATE hrs 0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
0.25 M-A 0.25 M-B 0.25 M-C 1.0 M-A 1.0 M-B 1.0 M-C 4.0 M-A 4.0 M-B 4.0 M-C 16.0 M-A16.0 M-B16.0 M-C 64.0 M-A 64.0 M-B64.0 M-C
4/29/2005 0
4/30/2005 24
5/1/2005 48 6.15 4.97
5/2/2005 72 5.49 5.95 4.84 5.56 4.87
5/3/2005 96 6.05 5.00 4.50
5/4/2005 120





Date hrs Mean rotifer counts (rot/mL)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
4/29/2005 0 6.7 6.3 4.3 4.7 4.7
4/30/2005 24 8.7 13.0 11.0 11.0 12.3
5/1/2005 48 3.0 20.7 26.3 21.0 21.7
5/2/2005 72 16.0 35.3 20.7 42.7
5/3/2005 96 12.0 63.0 41.0 56.0
5/4/2005 120 107.3 97.3 77.0
5/5/2005 144 58.0 177.7 38.7
Date hrs Mean rotifer egg ratio (100%)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
4/29/2005 0 60.00% 57.89% 38.46% 64.29% 50.00%
4/30/2005 24 11.54% 79.49% 51.52% 66.67% 70.27%
5/1/2005 48 11.11% 19.35% 58.23% 52.38% 76.92%
5/2/2005 72 39.58% 57.55% 72.58% 86.72%
5/3/2005 96 27.78% 35.98% 84.55% 92.86%
5/4/2005 120 12.42% 45.21% 67.97%
5/5/2005 144
Date hrs Mean algae counts (106 cells/mL)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
4/29/2005 0 0.25 1.01 4.00 15.82 66.33
4/30/2005 24 0.19 0.58 2.81 12.75 44.01
5/1/2005 48 0.27 0.58 2.93 15.44 45.69
5/2/2005 72 0.22 0.46 2.15 12.28 40.34
5/3/2005 96 0.24 0.57 1.99 11.21 34.79
5/4/2005 120 2.76 9.37 37.15
5/5/2005 144 1.83 8.51 41.45
Date hrs Mean algae TSS (mg TSS/L)
0.25 M 1.0 M 4.0 M 16.0 M 64.0 M
4/29/2005 0 2.87 10.76 43.15 171.88 555.16
4/30/2005 24 2.24 7.02 33.80 153.40 529.62
5/1/2005 48 3.28 7.02 35.26 185.79 549.76
5/2/2005 72 2.66 5.50 25.91 147.72 485.47
5/3/2005 96 2.87 6.88 23.98 134.92 418.68
5/4/2005 120 33.18 112.77 447.06






Nominal Algae Conc. Uexpo
(106 Cells/mL) (106 Cells/mL)  (mg TSS/L)  (/day) (rotifers/10^6 Cells) (x103 rotifers/mg Algae TSS)
0.25 0.19 2.24 0.2624 19.32 1.61
1.00 0.58 7.02 0.5891 10.73 0.89
4.00 2.81 33.80 0.6158 4.29 0.36
16.00 9.37 112.77 0.7542 6.50 0.54
64.00 44.01 529.62 0.5507 1.81 0.15
Lineweaver-Burk plot method
Data # A (106 Cells/mL) u (day-1) 1/A (mL/106Cells) 1/u (day)
1 0.19 0.2624 5.3615 3.8115
2 0.58 0.5891 1.7142 1.3906
3 2.81 0.6158 0.3560 1.0735
4 9.37 0.7542 0.1067 1.1566
5 44.01 0.5507 0.0227 1.0290











DATA FOR PILOT TRIALS IN A 40-L ROTIFER CONTINUOUS CULTURE SYSTEM 
STUDY DESCRIPTION: ROTIFER PILOT TRIAL # 1　 
STUDY PERIOD: 02/25/2005-04/06/2005 
ROTIFER SPECIES: Brachionus rotundiformis 
 
SOCCER TANK ROTIFER RAW DATA ROTIFER HARVESTING
DATE DAY# ROTIFER COUNTS (Rot/mL) EGGS COUNTS (Eggs/mL) Rotifer Counts (Rot/mL) EGGS COUNTS (Eggs/mL) VOLUME (mL)
#1 #2 #3 #4 #1 #2 #3 #4 #1 #2 #3 #1 #2 #3
2/25/2005 0 1065 815 1025 115 75 110 0 0 0
2/26/2005 1 610 465 595 60 50 60 1955 1880 2010 115 115 120 4750
2/27/2005 2 430 735 400 575 75 110 55 115 1020 1085 885 50 155 115 1950
2/28/2005 3 740 550 795 770 135 135 140 130 500 410 617 85 68 133 2100
3/1/2005 4 570 570 730 590 140 150 125 143 345 385 325 40 60 35 2200
3/2/2005 5 770 675 850 65 90 110 655 710 620 110 165 115 2460
3/3/2005 6 790 655 719 156 110 142 449 408 480 61 79 60 3126
3/4/2005 7 502 578 550 84 116 106 398 522 501 63 125 139 3200
3/5/2005 8 650 1075 920 1110 90 105 110 120 432 430 734 106 104 162 2470
3/6/2005 9 1070 850 1095 905 185 130 140 115 790 725 680 145 120 90 2900
3/7/2005 10 615 525 505 130 150 135 795 725 860 150 165 235 2100
3/8/2005 11 650 692 568 696 146 170 124 148 606 790 656 130 142 138 2200
3/9/2005 12 968 978 830 788 152 152 128 86 1160 980 1118 195 160 216 1950
3/10/2005 13 622 660 602 686 115 120 90 96 1190 1222 1208 154 172 136 1900
3/11/2005 14 594 589 584 542 136 134 150 112 544 510 574 144 155 162 2050
3/12/2005 15 612 600 598 592 164 162 160 156 782 866 594 144 184 166 1900
3/13/2005 16 1096 838 1104 136 114 164 892 1128 1018 62 106 116 2375
3/14/2005 17 500 494 516 518 110 124 122 134 774 684 770 136 132 122 1200
3/15/2005 18 480 504 486 508 128 140 138 136 536 618 698 114 138 148 1950
3/16/2005 19 800 924 824 142 100 120 1254 1176 1320 142 160 112 1700
3/17/2005 20 380 362 428 368 138 120 134 132 408 474 450 96 138 82 1700
3/18/2005 21 442 492 416 460 78 94 64 74 610 550 554 54 62 64 1800
3/19/2005 22 518 456 406 446 264 236 204 248 747 598 722 278 304 326 1650
3/20/2005 23 790 686 678 706 88 62 60 62 946 845 868 94 89 96 1650
3/21/2005 24 444 704 798 642 94 110 146 140 807 814 794 144 150 158 1700
3/22/2005 25 1082 1215 1280 1210 172 180 115 115 1065 1160 1190 140 150 175 2500
3/23/2005 26 806 766 818 786 94 60 60 68 884 808 926 68 64 82 2500
3/24/2005 27 710 748 752 756 178 198 188 200 1014 888 958 140 144 138 2000
3/25/2005 28 1002 1030 1032 194 150 194 1138 1082 1244 160 130 120 2000
3/26/2005 29 876 908 800 782 92 112 98 86 1072 998 952 94 62 98 1950
3/27/2005 30 1092 1032 1190 1034 196 216 250 226 1136 1176 1104 164 148 142 1950
3/28/2005 31 910 898 936 906 132 128 136 154 1136 1074 982 168 162 154 2000
3/29/2005 32 824 890 962 146 152 178 1150 1196 1036 166 160 120 2050
3/30/2005 33 844 874 900 250 222 204 1020 918 960 206 158 154 2000
3/31/2005 34 968 906 862 82 110 96 1148 970 910 130 98 96 2100
4/1/2005 35 648 652 772 786 146 144 172 178 812 816 830 148 148 124 2000
4/2/2005 36 744 806 772 776 196 182 158 182 732 718 682 107 110 136 2100
4/3/2005 37 720 622 688 144 144 140 946 824 820 158 142 140 1800
4/4/2005 38 1052 1082 920 1088 146 162 160 160 1113 1088 1098 121 164 110 2000
4/5/2005 39 768 742 694 68 90 88 1114 1002 1047 132 82 146 1400
4/6/2005 40 472 484 426 100 92 96 762 708 704 114 108 118 1500  
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Trial#1 STATISTICS - RAW DATA STATISTICS---ROT HARVESTING
DATE ROT COUNTS (Rot/mL) EGGS COUNTS (Eggs/mL) Egg Ratio HARVESTED (Rot/mL) EGGS COUNTS (Eggs/mL Egg Ratio DAILY ROT YIELD HARVEST 
MEAN STD MEAN STD MEAN STD MEAN STD (Million Rot/day) RATIO
2/25/2005 968 134 100 22 10.33% 0 0
2/26/2005 557 80 57 6 10.18% 1948 65 117 3 5.99% 9.25 87.50%
2/27/2005 535 154 89 29 16.59% 997 102 107 53 10.70% 1.94 19.12%
2/28/2005 714 111 135 4 18.91% 509 104 95 34 18.67% 1.07 7.88%
3/1/2005 615 77 140 11 22.68% 352 31 45 13 12.80% 0.77 6.62%
3/2/2005 765 88 88 23 11.55% 662 45 130 30 19.65% 1.63 11.20%
3/3/2005 721 68 136 24 18.85% 446 36 67 11 14.96% 1.39 10.17%
3/4/2005 543 38 102 16 18.77% 474 66 109 40 23.01% 1.52 14.68%
3/5/2005 939 209 106 13 11.32% 532 175 124 33 23.31% 1.31 7.37%
3/6/2005 980 121 143 30 14.54% 732 55 118 28 16.17% 2.12 11.40%
3/7/2005 548 59 138 10 25.23% 793 68 183 45 23.11% 1.67 15.99%
3/8/2005 652 59 147 19 22.56% 684 95 137 6 19.98% 1.50 12.16%
3/9/2005 891 96 130 31 14.53% 1086 94 190 28 17.53% 2.12 12.51%
3/10/2005 643 38 105 15 16.38% 1207 16 154 18 12.76% 2.29 18.78%
3/11/2005 577 24 133 16 23.04% 543 32 154 9 28.32% 1.11 10.14%
3/12/2005 601 8 161 3 26.73% 747 139 165 20 22.03% 1.42 12.45%
3/13/2005 1013 151 138 25 13.63% 1013 118 95 29 9.35% 2.41 12.50%
3/14/2005 507 12 123 10 24.16% 743 51 130 7 17.50% 0.89 9.25%
3/15/2005 495 14 136 5 27.40% 617 81 133 17 21.60% 1.20 12.81%
3/16/2005 849 66 121 21 14.21% 1250 72 138 24 11.04% 2.13 13.17%
3/17/2005 385 30 131 8 34.07% 444 33 105 29 23.72% 0.75 10.33%
3/18/2005 453 32 78 12 17.13% 571 34 60 5 10.50% 1.03 11.96%
3/19/2005 457 46 238 25 52.14% 689 80 303 24 43.93% 1.14 13.11%
3/20/2005 715 51 68 13 9.51% 886 53 93 4 10.49% 1.46 10.77%
3/21/2005 647 150 123 25 18.93% 805 10 151 7 18.72% 1.37 11.13%
3/22/2005 1197 83 146 35 12.16% 1138 65 155 18 13.62% 2.85 12.52%
3/23/2005 794 23 71 16 8.88% 873 60 71 9 8.17% 2.18 14.46%
3/24/2005 742 21 191 10 25.76% 953 63 141 3 14.76% 1.91 13.53%
3/25/2005 1021 17 179 25 17.56% 1155 82 137 21 11.84% 2.31 11.90%
3/26/2005 842 60 97 11 11.53% 1007 61 85 20 8.41% 1.96 12.29%
3/27/2005 1087 74 222 22 20.42% 1139 36 151 11 13.29% 2.22 10.75%
3/28/2005 913 16 138 11 15.07% 1064 77 161 7 15.16% 2.13 12.27%
3/29/2005 892 69 159 17 17.79% 1127 82 149 25 13.19% 2.31 13.64%
3/30/2005 873 28 225 23 25.82% 966 51 173 29 17.87% 1.93 11.65%
3/31/2005 912 53 96 14 10.53% 1009 124 108 19 10.70% 2.12 12.23%
4/1/2005 715 75 160 18 22.39% 819 9 140 14 17.09% 1.64 12.07%
4/2/2005 775 25 180 16 23.18% 711 26 118 16 16.56% 1.49 10.14%
4/3/2005 677 50 143 2 21.08% 863 72 147 10 16.99% 1.55 12.09%
4/4/2005 1036 79 157 7 15.16% 1100 13 132 29 11.97% 2.20 11.18%
4/5/2005 735 38 82 12 11.16% 1054 56 120 34 11.38% 1.48 10.57%
4/6/2005 461 31 96 4 20.84% 725 32 113 5 15.64% 1.09 12.42%
40-d Mean 742 132 18.85% 861 130 16.31% 1.68 12.03%
40-d SD 200 42 7.95% 299 43 6.73% 0.51 2.47%  
 191
ALGAE COUNTS (Million Cells/mL) ABSORBANCE @
DATE DAY# BIOFILTER INLET BIOFILTER OUTLET INSCREEN BIOFILTER INLET BIOFILTER OUTLET
#1 #2 #3 #1 #2 #3 #1 #2 #3 280 nm 680 nm 750 nm 635 nm 280 nm 680 nm 750 nm 635 nm
2/25/2005 0 0.08 0.07 0.05 0.09 0.076 0.010 0.005 0.007 0.077 0.012 0.006 0.008
2/26/2005 1 0.20 0.18 0.16 0.19
2/27/2005 2 0.18 0.25 0.17 0.07 0.09 0.09
2/28/2005 3
3/1/2005 4 0.14 0.11 0.15 0.07 0.10 0.09 0.105 0.011 0.005 0.008 0.104 0.010 0.003 0.007
3/2/2005 5 0.42 0.45 0.24 0.14 0.094 0.009 0.002 0.005 0.093 0.006 0.002 0.005
3/3/2005 6 0.13 0.14 0.18 0.02 0.03 0.04
3/4/2005 7 0.11 0.08 0.12 0.23 0.42 0.33 0.101 0.013 0.006 0.009 0.092 0.007 0.003 0.005
3/5/2005 8 0.09 0.08 0.10 0.01 0.04 0.02 0.099 0.011 0.004 0.007 0.091 0.007 0.004 0.005
3/6/2005 9 0.17 0.20 0.15 0.11 0.13 0.12 0.103 0.010 0.002 0.005 0.098 0.006 0.001 0.003
3/7/2005 10 0.08 0.05 0.12 0.04 0.05 0.05 0.101 0.011 0.005 0.007 0.096 0.008 0.004 0.006
3/8/2005 11 0.09 0.11 0.08 0.04 0.03 0.02 0.105 0.012 0.005 0.008 0.098 0.008 0.003 0.006
3/9/2005 12 0.02 0.05 0.03 0.01 0.02 0.02 0.11 0.05 0.12 0.101 0.010 0.004 0.006 0.094 0.005 0.001 0.003
3/10/2005 13 0.10 0.11 0.06 0.03 0.04 0.02 0.109 0.015 0.005 0.009 0.106 0.009 0.003 0.006
3/11/2005 14 0.16 0.13 0.13 0.02 0.01 0.05 0.109 0.016 0.006 0.010 0.102 0.009 0.003 0.006
3/12/2005 15 0.03 0.01 0.02 0.03 0.00 0.03 0.088 0.011 0.003 0.007 0.077 0.004 0.000 0.003
3/13/2005 16 0.24 0.24 0.10 0.08 0.10 0.16 0.109 0.018 0.005 0.009 0.094 0.008 0.002 0.004
3/14/2005 17 0.24 0.21 0.16 0.10 0.14 0.11 0.25 0.21 0.28 0.098 0.017 0.008 0.011 0.088 0.012 0.007 0.007
3/15/2005 18 0.12 0.07 0.09 0.05 0.04 0.09 0.19 0.17 0.20 0.107 0.016 0.006 0.011 0.092 0.008 0.003 0.007
3/16/2005 19 0.23 0.24 0.25 0.16 0.14 0.11 0.36 0.39 0.41 0.126 0.015 0.008 0.010 0.109 0.009 0.005 0.006
3/17/2005 20 0.17 0.07 0.12 0.08 0.04 0.07 0.42 0.38 0.24 0.136 0.018 0.008 0.012 0.124 0.009 0.003 0.006
3/18/2005 21 0.28 0.24 0.26 0.10 0.19 0.09 0.39 0.45 0.34 0.132 0.022 0.008 0.011 0.124 0.014 0.006 0.008
3/19/2005 22 0.35 0.32 0.24 0.15 0.14 0.10 0.51 0.30 0.43
3/20/2005 23 0.11 0.12 0.10 0.08 0.06 0.05 0.31 0.23 0.19 0.113 0.013 0.004 0.006 0.112 0.010 0.004 0.005
3/21/2005 24 0.16 0.15 0.18 0.11 0.12 0.16 0.26 0.22 0.29 0.126 0.027 0.009 0.013 0.117 0.017 0.004 0.008
3/22/2005 25 0.10 0.10 0.12 0.08 0.09 0.11 0.11 0.20 0.07 0.119 0.021 0.007 0.011 0.111 0.015 0.006 0.009
3/23/2005 26 0.06 0.11 0.07 0.04 0.02 0.04 0.04 0.05 0.08 0.112 0.013 0.004 0.007 0.107 0.009 0.003 0.005
3/24/2005 27 0.20 0.12 0.15 0.09 0.08 0.10 0.10 0.12 0.10 0.125 0.023 0.009 0.013 0.120 0.016 0.006 0.009
3/25/2005 28 0.15 0.17 0.15 0.15 0.14 0.11 0.19 0.17 0.21 0.120 0.019 0.007 0.011 0.116 0.014 0.006 0.008
3/26/2005 29 0.10 0.09 0.15 0.06 0.05 0.06 0.28 0.27 0.37 0.112 0.011 0.002 0.005 0.110 0.011 0.003 0.006
3/27/2005 30 0.19 0.22 0.25 0.15 0.17 0.09 0.14 0.14 0.15 0.117 0.018 0.006 0.009 0.112 0.012 0.004 0.006
3/28/2005 31 0.19 0.17 0.19 0.10 0.14 0.13 0.14 0.15 0.04 0.098 0.014 0.004 0.007 0.099 0.012 0.003 0.006
3/29/2005 32 0.12 0.08 0.12 0.10 0.07 0.07 0.12 0.09 0.16 0.098 0.017 0.005 0.008 0.098 0.014 0.004 0.007
3/30/2005 33 0.30 0.12 0.15 0.15 0.12 0.13 0.29 0.09 0.12 0.099 0.020 0.007 0.010 0.094 0.016 0.006 0.008
3/31/2005 34 0.19 0.15 0.11 0.10 0.05 0.05 0.13 0.09 0.10 0.097 0.020 0.007 0.010 0.095 0.018 0.006 0.009
4/1/2005 35 0.12 0.12 0.10 0.10 0.12 0.09 0.19 0.10 0.14 0.105 0.021 0.006 0.010 0.103 0.021 0.006 0.010
4/2/2005 36 0.25 0.22 0.28 0.17 0.18 0.12 0.17 0.19 0.26 0.100 0.021 0.006 0.010 0.101 0.019 0.006 0.009
4/3/2005 37 0.11 0.16 0.22 0.21 0.18 0.20 0.17 0.22 0.15 0.099 0.022 0.008 0.011 0.100 0.020 0.007 0.010
4/4/2005 38 0.18 0.28 0.32 0.26 0.24 0.33 0.39 0.43 0.42 0.106 0.024 0.007 0.012 0.104 0.021 0.006 0.010
4/5/2005 39 0.25 0.23 0.25 0.17 0.18 0.24 0.23 0.22 0.29 0.101 0.019 0.006 0.009 0.097 0.014 0.004 0.006
4/6/2005 40 0.18 0.15 0.12 0.11 0.06 0.11 0.29 0.23 0.26 0.096 0.020 0.006 0.009 0.094 0.015 0.005 0.007  
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TAN (mg NH3-N/L) NITRITE- NO2 NITRATE NO3 FLOW RATE ALKALINITY DO
DATE DAY# INLET OUTLET (mg NO2-N/L) (mg NO3-N/L) (mg CaCO3/L)
#1 #2 #3 #1 #2 #3 INLET OUTLET INLET OUTLET (mL/min) #1 #2 #3 #4 (mg/L)
2/25/2005 0 9.808 9.616
2/26/2005 1 0.030 0.130 22.2 20.0 2560 2680 2680 188 186 188 186
2/27/2005 2 0.000 0.060 23.1 22.2 1230 1224 1215 182 184 186 186
2/28/2005 3 8.578 8.954 2300 2200 2100
3/1/2005 4 0.000 0.180 8.240 8.409 22.1 22.9 750 750 640 188 183 181 190 6.08
3/2/2005 5 0.020 0.010 6.656 6.471 16.2 14.1 700 800 800 188 188
3/3/2005 6 0.160 0.000 5.563 5.094 20.8 17.0 920 920 1000 176 176 176 175 5.47
3/4/2005 7 0.000 0.000 0.000 0.000 0.000 0.000 3.425 3.079 17.0 15.9 580 600 580 172 174 174 174 5.68
3/5/2005 8 0.000 0.050 2.294 1.902 18.7 18.6 720 664 720 173 180 172 182 5.70
3/6/2005 9 0.010 0.040 0.879 0.440 19.3 17.4 1040 1040 1130 174 175 175 173 5.85
3/7/2005 10 0.000 0.000 0.000 0.000 0.000 0.000 0.889 0.432 696 720 600 158 164 164 5.64
3/8/2005 11 0.020 0.010 1.053 0.292 18.0 17.1 420 430 600 163 164 162 164 5.35
3/9/2005 12 0.100 0.000 1.074 0.339 18.9 17.3 760 760 760 166 168 165 164 5.47
3/10/2005 13 0.190 0.100 0.842 0.379 18.1 17.9 620 680 680 164 168 168 164
3/11/2005 14 0.110 0.000 0.000 0.000 17.1 16.8 480 460 460 168 168 166 168 5.86
3/12/2005 15 0.000 0.000 1.496 0.579 16.9 13.6 440 520 600 170 166 166 168
3/13/2005 16 0.170 0.040 1.712 1.395 17.4 15.8 800 800 860 166 168 166 6.12
3/14/2005 17 0.000 0.000 0.997 0.459 700 700 600 166 166 168 168
3/15/2005 18 0.110 0.060 0.370 0.192 11.2 10.8 400 440 480 188 190 188 188
3/16/2005 19 0.000 0.000 0.325 0.074 2.3 2.3 600 600 600
3/17/2005 20 0.140 0.600 0.372 0.009 3.0 2.8 218 216 218 220
3/18/2005 21 0.080 0.080 0.012 0.007 2.9 2.2 440 480 500 212 214 214 216 6.05
3/19/2005 22 0.000 0.170 0.814 0.806 6.3 4.9 1000 1000 1000 212 212 214 212
3/20/2005 23 0.300 0.150 0.616 0.555 8.5 8.8 1000 1000 1000 192 196 190 192
3/21/2005 24 0.280 0.000 0.360 0.310 12.7 12.8 1000 1000 1000 184 184 180 180 5.70
3/22/2005 25 0.350 0.130 0.300 0.245 10.7 9.5 900 900 900 178 174 5.44
3/23/2005 26 0.000 0.000 0.225 0.185 12.9 12.1 1000 1000 1000 164 164 162 162 5.78
3/24/2005 27 0.210 0.000 0.220 0.170 17.0 17.7 1200 1200 1200 158 156 154 158
3/25/2005 28 0.250 0.000 0.255 0.115 16.5 14.4 1200 1200 1200 160 162 160 158 5.33
3/26/2005 29 0.200 0.140 0.190 0.160 16.9 18.7 1300 1400 1400 150 150 148 146 5.76
3/27/2005 30 0.040 0.020 0.230 0.165 17.3 17.8 1200 1200 1000 140 148 140 140
3/28/2005 31 0.200 0.110 0.262 0.175 13.6 14.2 900 960 1000 144 140 140 140 5.70
3/29/2005 32 0.170 0.110 0.271 0.180 16.6 16.8 1050 1100 1100 142 142 5.69
3/30/2005 33 0.170 0.120 0.274 0.183 15.2 14.1 1200 1200 1200 140 138 140 138
3/31/2005 34 0.190 0.150 0.278 0.201 15.9 15.5 1200 1200 1200 146 140 142 142 5.85
4/1/2005 35 0.090 0.050 0.276 0.193 16.1 14.5 1000 1000 1000 136 140 136 138 5.81
4/2/2005 36 0.110 0.080 0.272 0.179 15.3 15.8 1200 1200 1200 134 138 136 5.64
4/3/2005 37 0.080 0.050 0.296 0.178 14.9 14.0 1200 1200 1200 162 164 5.95
4/4/2005 38 0.150 0.090 0.359 0.173 14.6 11.6 1160 1160 1160 164 160 162 164
4/5/2005 39 0.110 0.050 0.434 0.129 14.0 14.9 1000 1000 1000 148 164 154 156
4/6/2005 40 0.120 0.020 0.410 0.234 68.4 61.2 600 600 600 154 154  
 193
STUDY DESCRIPTION: ROTIFER PILOT TRIAL # 2　 
STUDY PERIOD: 05/09/2005-06/11/2005 
ROTIFER SPECIES: Brachionus rotundiformis 
 
SOCCER TANK ROTIFER RAW DATA ROTIFER HARVESTING
DATE DAY# ROTIFER COUNTS (Rot/mL) EGGS COUNTS (Eggs/mL) Rotifer Counts (Rot/mL) EGGS COUNTS (Eggs/mL) VOLUME (mL)
#1 #2 #3 #4 #1 #2 #3 #4 #1 #2 #3 #1 #2 #3
5/9/2005 0 854 922 1024 180 170 160 0 0 0
5/10/2005 1 1004 932 918 200 166 172 1120 1052 1052 192 180 164 1700
5/11/2005 2 923 908 932 230 228 194 1024 1032 1058 208 202 206 2000
5/12/2005 3 818 916 870 174 138 138 840 926 948 104 104 100 3100
5/13/2005 4 1038 920 850 986 288 240 282 264 878 870 1007 179 215 207 2600
5/14/2005 5 1050 1050 974 1162 160 138 136 150 1123 1156 1170 130 138 132 3400
5/15/2005 6 1108 1070 982 950 238 246 206 214 886 960 949 154 184 170 3850
5/16/2005 7 934 1002 924 1028 166 162 148 160 964 1040 1062 142 146 136 4000
5/17/2005 8 1084 934 920 906 224 190 166 202 864 960 904 150 180 144 3975
5/18/2005 9 974 974 1010 172 180 146 964 950 982 122 116 124 4100
5/19/2005 10 1064 1082 1018 164 146 150 1092 986 1072 154 118 98 4150
5/20/2005 11 1064 1078 1088 152 216 182 1045 1012 1092 141 160 116 4150
5/21/2005 12 916 952 986 156 158 164 936 994 878 96 106 92 4000
5/22/2005 13 1050 1012 984 222 186 152 1118 1096 1050 132 110 112 4000
5/23/2005 14 1052 1112 1038 168 174 144 1016 1008 1010 116 120 144 4000
5/24/2005 15 1068 1074 1122 158 196 154 1016 970 1004 102 126 112 4200
5/25/2005 16 956 1002 1028 144 154 178 928 940 988 102 112 92 4330
5/26/2005 17 1028 1066 1090 162 188 182 1150 1188 1126 142 150 160 3900
5/27/2005 18 1022 992 1004 162 152 159 1054 1024 960 139 136 130 4250
5/28/2005 19 938 958 936 148 162 148 1084 1014 1030 96 144 118 4000
5/29/2005 20 1030 1042 996 178 178 209 1047 1050 1080 148 104 158 3700
5/30/2005 21 1089 1158 1108 1122 196 212 218 222 1086 1001 950 139 129 126 3950
5/31/2005 22 970 926 972 179 166 178 1047 942 1022 151 138 156 4150
6/1/2005 23 692 700 694 222 212 232 856 894 888 178 204 164 3750
6/2/2005 24 814 857 840 222 240 202 851 762 802 144 166 130 4000
6/3/2005 25 792 800 834 178 162 150 958 978 964 126 122 148 4300
6/4/2005 26 948 936 952 158 166 166 1004 1004 992 130 100 150 4300
6/5/2005 27 901 918 906 174 206 212 914 935 952 116 122 116 4350
6/6/2005 28 895 898 888 170 188 176 839 838 872 129 116 130 4250
6/7/2005 29 870 880 889 154 178 183 782 836 848 174 100 118 4050
6/8/2005 30 786 801 804 152 140 150 1018 1038 1056 128 118 114 3650
6/9/2005 31 838 784 816 164 144 168 904 872 896 124 112 122 3500
6/10/2005 32 768 768 758 244 244 208 770 738 756 106 114 126 4680
6/11/2005 33 894 815 794 220 184 176 898 898 874 150 144 128 3650  
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Trial #2 STATISTICS - RAW DATA STATISTICS---ROT HARVESTING
DATE ROT COUNTS (Rot/mL) EGGS COUNTS (Eggs/mL) Egg Ratio HARVESTED (Rot/mL) EGGS COUNTS (Eggs/mL Egg Ratio DAILY ROT YIELD HARVEST 
MEAN STD MEAN STD MEAN STD MEAN STD (Million Rot/day) RATIO
5/9/2005 933 86 170 10 18.21% 0 0
5/10/2005 951 46 179 18 18.85% 1075 39 179 14 16.63% 1.83 10.11%
5/11/2005 921 12 217 20 23.60% 1038 18 205 3 19.78% 2.08 11.86%
5/12/2005 868 49 150 21 17.28% 905 57 103 2 11.35% 2.80 17.01%
5/13/2005 949 82 269 22 28.31% 918 77 200 19 21.81% 2.39 13.25%
5/14/2005 1059 77 146 11 13.79% 1150 24 133 4 11.60% 3.91 19.43%
5/15/2005 1028 74 226 19 22.00% 932 40 169 15 18.18% 3.59 18.37%
5/16/2005 972 51 159 8 16.36% 1022 51 141 5 13.83% 4.09 22.14%
5/17/2005 961 83 196 24 20.34% 909 48 158 19 17.38% 3.61 19.80%
5/18/2005 986 21 166 18 16.84% 965 16 121 4 12.50% 3.96 21.13%
5/19/2005 1055 33 153 9 14.54% 1050 56 123 28 11.75% 4.36 21.75%
5/20/2005 1077 12 183 32 17.03% 1050 40 139 22 13.24% 4.36 21.29%
5/21/2005 951 35 161 4 16.92% 936 58 98 7 10.47% 3.74 20.71%
5/22/2005 1015 33 187 35 18.38% 1088 35 118 12 10.85% 4.35 22.56%
5/23/2005 1067 39 162 16 15.18% 1011 4 127 15 12.52% 4.05 19.95%
5/24/2005 1088 30 169 23 15.56% 997 24 113 12 11.37% 4.19 20.25%
5/25/2005 995 36 159 17 15.94% 952 32 102 10 10.71% 4.12 21.80%
5/26/2005 1061 31 177 14 16.71% 1155 31 151 9 13.05% 4.50 22.33%
5/27/2005 1006 15 158 5 15.67% 1013 48 135 5 13.33% 4.30 22.52%
5/28/2005 944 12 153 8 16.17% 1043 37 119 24 11.45% 4.17 23.25%
5/29/2005 1023 24 188 18 18.42% 1059 18 137 29 12.91% 3.92 20.17%
5/30/2005 1119 29 212 11 18.94% 1012 69 131 7 12.97% 4.00 18.80%
5/31/2005 956 26 174 7 18.24% 1004 55 148 9 14.78% 4.17 22.93%
6/1/2005 695 4 222 10 31.93% 879 20 182 20 20.70% 3.30 24.96%
6/2/2005 837 22 221 19 26.44% 805 45 147 18 18.22% 3.22 20.25%
6/3/2005 809 22 163 14 20.20% 967 10 132 14 13.66% 4.16 27.05%
6/4/2005 945 8 163 5 17.28% 1000 7 127 25 12.67% 4.30 23.94%
6/5/2005 908 9 197 20 21.72% 934 19 118 3 12.64% 4.06 23.53%
6/6/2005 894 5 178 9 19.92% 850 19 125 8 14.71% 3.61 21.27%
6/7/2005 880 10 172 16 19.51% 822 35 131 39 15.90% 3.33 19.92%
6/8/2005 797 10 147 6 18.49% 1037 19 120 7 11.57% 3.79 25.00%
6/9/2005 813 27 159 13 19.52% 891 17 119 6 13.40% 3.12 20.19%
6/10/2005 765 6 232 21 30.34% 755 16 115 10 15.28% 3.53 24.31%
6/11/2005 834 53 193 23 23.17% 890 14 141 11 15.81% 3.25 20.49%
Mean 946 181 19.46% 973 137 14.15% 3.70 20.68%
SD 102 29 4.35% 94 26 2.98% 0.67 3.57%  
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Trial #2 ALGAE COUNTS (Million Cells/mL) ABSORBANCE @
DATE DAY# BIOFILTER INLET BIOFILTER OUTLET INSCREEN BIOFILTER INLET BIOFILTER OUTLET
#1 #2 #3 #1 #2 #3 #1 #2 #3 280 nm 680 nm 750 nm 635 nm 280 nm 680 nm 750 nm 635 nm
5/9/2005 0 0.16 0.18 0.14 0.11 0.12 0.16 0.21 0.38 0.14 0.083 0.023 0.006 0.009 0.081 0.019 0.003 0.007
5/10/2005 1 0.19 0.29 0.22 0.13 0.17 0.20 0.19 0.36 0.26 0.098 0.034 0.009 0.015 0.092 0.026 0.005 0.010
5/11/2005 2 0.13 0.19 0.16 0.09 0.13 0.14 0.15 0.10 0.21 0.107 0.040 0.010 0.015 0.103 0.034 0.007 0.013
5/12/2005 3 0.08 0.07 0.07 0.07 0.07 0.04 0.15 0.17 0.09 0.091 0.028 0.008 0.013 0.092 0.028 0.008 0.013
5/13/2005 4 0.10 0.17 0.19 0.13 0.11 0.14 0.09 0.10 0.20 0.087 0.027 0.008 0.013 0.086 0.023 0.006 0.010
5/14/2005 5 0.19 0.20 0.11 0.17 0.16 0.14 0.18 0.14 0.17 0.075 0.019 0.005 0.009 0.076 0.018 0.005 0.007
5/15/2005 6 0.13 0.14 0.16 0.14 0.14 0.13 0.06 0.05 0.08 0.078 0.023 0.007 0.011 0.079 0.022 0.008 0.011
5/16/2005 7 0.16 0.13 0.12 0.16 0.13 0.13 0.11 0.14 0.13 0.082 0.025 0.007 0.011 0.082 0.023 0.007 0.011
5/17/2005 8 0.10 0.12 0.15 0.13 0.13 0.10 0.14 0.10 0.09 0.081 0.023 0.007 0.010 0.084 0.022 0.005 0.009
5/18/2005 9 0.15 0.15 0.13 0.14 0.13 0.15 0.11 0.15 0.13 0.084 0.023 0.007 0.011 0.085 0.021 0.006 0.010
5/19/2005 10 0.17 0.21 0.15 0.13 0.14 0.19 0.16 0.17 0.11 0.089 0.024 0.009 0.012 0.084 0.019 0.007 0.009
5/20/2005 11 0.15 0.15 0.12 0.15 0.16 0.11 0.15 0.13 0.12 0.090 0.023 0.007 0.011 0.086 0.017 0.005 0.008
5/21/2005 12 0.14 0.15 0.13 0.11 0.13 0.12 0.12 0.13 0.12 0.083 0.018 0.006 0.009 0.082 0.015 0.006 0.008
5/22/2005 13 0.15 0.14 0.11 0.10 0.11 0.18 0.23 0.30 0.29 0.083 0.020 0.007 0.010 0.082 0.016 0.006 0.009
5/23/2005 14 0.16 0.19 0.11 0.10 0.12 0.13 0.11 0.14 0.15 0.081 0.018 0.006 0.008 0.079 0.013 0.003 0.006
5/24/2005 15 0.14 0.17 0.15 0.12 0.13 0.16 0.12 0.13 0.14 0.086 0.021 0.006 0.010 0.080 0.015 0.004 0.007
5/25/2005 16 0.10 0.18 0.16 0.12 0.14 0.18 0.15 0.10 0.10 0.084 0.018 0.005 0.009 0.081 0.014 0.004 0.007
5/26/2005 17 0.10 0.19 0.12 0.16 0.17 0.08 0.12 0.13 0.14 0.083 0.020 0.007 0.009 0.077 0.013 0.003 0.006
5/27/2005 18 0.17 0.18 0.17 0.15 0.15 0.13 0.14 0.13 0.10 0.085 0.020 0.007 0.010 0.082 0.015 0.003 0.007
5/28/2005 19 0.10 0.15 0.12 0.12 0.14 0.16 0.14 0.13 0.13 0.086 0.021 0.007 0.010 0.083 0.015 0.004 0.007
5/29/2005 20 0.17 0.18 0.12 0.18 0.13 0.14 0.17 0.20 0.20 0.088 0.023 0.007 0.011 0.084 0.017 0.005 0.008
5/30/2005 21 0.17 0.19 0.20 0.16 0.18 0.13 0.10 0.15 0.18 0.090 0.021 0.004 0.009 0.084 0.017 0.006 0.009
5/31/2005 22 0.15 0.19 0.20 0.13 0.19 0.20 0.20 0.21 0.20 0.099 0.028 0.009 0.013 0.097 0.023 0.008 0.012
6/1/2005 23 0.14 0.20 0.20 0.18 0.23 0.24 0.15 0.18 0.23 0.096 0.038 0.011 0.017 0.097 0.037 0.011 0.016
6/2/2005 24 0.11 0.15 0.16 0.13 0.18 0.19 0.13 0.19 0.15 0.085 0.023 0.006 0.011 0.082 0.020 0.006 0.009
6/3/2005 25 0.15 0.15 0.18 0.10 0.13 0.19 0.10 0.18 0.10 0.078 0.021 0.006 0.010 0.073 0.017 0.006 0.009
6/4/2005 26 0.17 0.11 0.20 0.14 0.15 0.16 0.13 0.15 0.20 0.081 0.020 0.006 0.010 0.079 0.016 0.004 0.008
6/5/2005 27 0.13 0.19 0.15 0.13 0.12 0.16 0.12 0.16 0.14 0.083 0.021 0.007 0.010 0.081 0.017 0.005 0.008
6/6/2005 28 0.15 0.16 0.17 0.11 0.12 0.16 0.14 0.17 0.14 0.098 0.036 0.012 0.017 0.088 0.028 0.009 0.013
6/7/2005 29 0.19 0.19 0.21 0.19 0.19 0.13 0.15 0.21 0.17 0.102 0.037 0.012 0.018 0.084 0.021 0.008 0.011
6/8/2005 30 0.16 0.16 0.14 0.09 0.08 0.08 0.22 0.25 0.23 0.102 0.033 0.009 0.016 0.097 0.025 0.006 0.012
6/9/2005 31 0.17 0.16 0.17 0.09 0.09 0.08 0.25 0.22 0.23 0.102 0.033 0.009 0.016 0.097 0.025 0.006 0.012
6/10/2005 32 0.16 0.10 0.09 0.06 0.06 0.05 0.10 0.13 0.08 0.088 0.026 0.008 0.013 0.075 0.014 0.004 0.007
6/11/2005 33 0.07 0.06 0.04 0.05 0.06 0.04 0.08 0.09 0.06 0.087 0.019 0.006 0.010 0.079 0.008 0.002 0.005  
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STATISTICS ALGAL COUNTS (Million Cells/mL) ALGAE PASTE 
DATE DAY# BIOFITLER INLET BIOFILTER OUTLET INSCREEN USED
MEAN STDEV MEAN STDEV MEAN STDEV (mL)
5/9/2005 0 0.16 0.02 0.13 0.03 0.24 0.12 31.3
5/10/2005 1 0.23 0.05 0.17 0.04 0.27 0.09 35.0
5/11/2005 2 0.16 0.03 0.12 0.03 0.15 0.06 35.0
5/12/2005 3 0.07 0.01 0.06 0.02 0.14 0.04 32.5
5/13/2005 4 0.15 0.05 0.13 0.02 0.13 0.06 35.0
5/14/2005 5 0.17 0.05 0.16 0.02 0.16 0.02 40.0
5/15/2005 6 0.14 0.02 0.14 0.01 0.06 0.02 36.3
5/16/2005 7 0.14 0.02 0.14 0.02 0.13 0.02 36.5
5/17/2005 8 0.12 0.03 0.12 0.02 0.11 0.03 37.5
5/18/2005 9 0.14 0.01 0.14 0.01 0.13 0.02 40.0
5/19/2005 10 0.18 0.03 0.15 0.03 0.15 0.03 37.5
5/20/2005 11 0.14 0.02 0.14 0.03 0.13 0.02 40.0
5/21/2005 12 0.14 0.01 0.12 0.01 0.12 0.01 40.0
5/22/2005 13 0.13 0.02 0.13 0.04 0.27 0.04 37.5
5/23/2005 14 0.15 0.04 0.12 0.02 0.13 0.02 37.5
5/24/2005 15 0.15 0.02 0.14 0.02 0.13 0.01 39.0
5/25/2005 16 0.15 0.04 0.15 0.03 0.12 0.03 39.0
5/26/2005 17 0.14 0.05 0.14 0.05 0.13 0.01 36.3
5/27/2005 18 0.17 0.01 0.14 0.01 0.12 0.02 40.0
5/28/2005 19 0.12 0.03 0.14 0.02 0.13 0.01 40.0
5/29/2005 20 0.16 0.03 0.15 0.03 0.19 0.02 40.0
5/30/2005 21 0.19 0.02 0.16 0.03 0.14 0.04 38.8
5/31/2005 22 0.18 0.03 0.17 0.04 0.20 0.01 40.0
6/1/2005 23 0.18 0.03 0.22 0.03 0.19 0.04 32.5
6/2/2005 24 0.14 0.03 0.17 0.03 0.16 0.03 38.8
6/3/2005 25 0.16 0.02 0.14 0.05 0.13 0.05 38.8
6/4/2005 26 0.16 0.05 0.15 0.01 0.16 0.04 38.8
6/5/2005 27 0.16 0.03 0.14 0.02 0.14 0.02 38.8
6/6/2005 28 0.16 0.01 0.13 0.03 0.15 0.02 37.5
6/7/2005 29 0.20 0.01 0.17 0.03 0.18 0.03 38.8
6/8/2005 30 0.15 0.01 0.08 0.01 0.23 0.02 35.0
6/9/2005 31 0.17 0.01 0.09 0.01 0.23 0.02 40.0
6/10/2005 32 0.12 0.04 0.06 0.01 0.10 0.03 40.0
6/11/2005 33 0.06 0.02 0.05 0.01 0.08 0.02 37.5
STAT Mean 0.15 0.13 0.16 37.7
SD 0.04 0.03 0.05 2.4  
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TAN (mg NH3-N/L) NITRITE NO2 NITRATE NO3 FLOW RATE ALKALINITY DO
DATE DAY# INLET OUTLET (mg NO2-N/L) (mg NO3-N/L) (mg CaCO3/L)
#1 #2 #3 #1 #2 #3 INLET OUTLET INLET OUTLET (mL/min) #1 #2 #3 #4 (mg/L)
5/9/2005 0 0.210 0.200 2.030 1.680 1420 1600 1500 176 184 172 174 5.88
5/10/2005 1 0.170 0.100 1.480 1.450 1400 1400 1400 164 162 162 162 5.77
5/11/2005 2 0.220 0.070 1.050 0.950 1440 1440 1440 166 162 164 152 5.58
5/12/2005 3 0.090 0.060 0.560 0.540 1440 1440 1440 164 156 156 154 5.64
5/13/2005 4 0.080 0.050 0.490 0.440 12.9 13.1 1500 1500 1500 152 168 158 158 5.41
5/14/2005 5 0.090 0.050 0.440 0.420 12.7 13.5 1300 1300 1300 146 150 148 146 5.67
5/15/2005 6 0.080 0.050 0.410 0.390 11.0 11.2 1500 1500 1500 148 148 146 148 5.84
5/16/2005 7 0.130 0.060 0.450 0.380 17.9 18.5 1300 1300 1300 148 146 146 146 5.68
5/17/2005 8 0.100 0.000 0.408 0.362 15.3 15.2 1300 1300 1300 144 146 142 144 4.96
5/18/2005 9 0.120 0.060 0.422 0.348 16.7 16.8 1200 1200 1200 142 144 140 144 4.86
5/19/2005 10 0.110 0.060 0.364 0.318 12.0 12.5 1300 1300 1300 134 140 136 136 4.19
5/20/2005 11 0.150 0.050 0.426 0.292 15.5 17.9 1400 1400 1400 136 138 136 136 5.68
5/21/2005 12 0.160 0.090 0.280 0.238 14.1 14.2 1200 1200 1200 148 146 144 146 3.39
5/22/2005 13 0.140 0.070 0.302 0.219 12.8 12.7 1200 1200 1200 140 142 144 142 6.18
5/23/2005 14 0.100 0.070 0.256 0.222 13.0 11.9 1200 1200 1200 150 142 146 146 6.02
5/24/2005 15 0.150 0.080 0.314 0.190 13.8 13.7 1400 1400 1400 140 138 140 138 5.78
5/25/2005 16 0.130 0.110 0.222 0.175 13.1 12.4 1200 1200 1200 144 142 140 138 5.73
5/26/2005 17 0.180 0.080 0.290 0.173 17.0 15.9 1400 1500 1500 146 142 140 140 6.23
5/27/2005 18 0.140 0.080 0.218 0.164 17.7 16.4 1400 1400 1400 144 144 142 144 7.09
5/28/2005 19 0.130 0.060 0.253 0.180 13.9 13.4 1400 1400 1400 134 148 134 152 6.67
5/29/2005 20 0.120 0.060 0.292 0.177 15.5 13.6 1250 1250 1250 180 174 178 178 6.28
5/30/2005 21 0.160 0.080 0.375 0.169 17.0 17.2 1000 1000 1000 184 182 186 186 5.73
5/31/2005 22 0.110 0.040 0.618 0.163 17.3 16.5 800 800 800 310 310 312 314 5.24
6/1/2005 23 0.120 0.080 0.114 0.099 15.4 16.8 1200 1200 1200 254 266 260 264 4.28
6/2/2005 24 0.120 0.070 0.126 0.100 16.1 15.1 1200 1200 1200 240 248 244 244 6.78
6/3/2005 25 0.160 0.080 0.148 0.110 17.8 19.9 1200 1200 1200 236 238 240 238 6.20
6/4/2005 26 0.160 0.080 0.170 0.122 16.4 14.4 1200 1200 1200 202 226 208 206 5.42
6/5/2005 27 0.170 0.060 0.235 0.144 16.3 15.6 1000 1000 1000 218 200 204 198 5.59
6/6/2005 28 0.140 0.080 0.342 0.219 22.2 17.6 1200 1200 1200 212 212 206 210 6.49
6/7/2005 29 0.230 0.220 0.564 0.132 20.0 18.6 850 850 850 206 206 204 200 4.42
6/8/2005 30 0.180 0.050 0.686 0.138 17.1 15.9 850 850 850 202 206 196 198 4.16
6/9/2005 31 0.160 0.060 0.324 0.198 19.8 16.5 850 850 850 200 202 220 196 3.87
6/10/2005 32 0.130 0.040 1.430 0.270 18.6 16.1 850 850 850 198 184 190 182 4.46
6/11/2005 33 0.130 0.110 1.275 0.620 18.1 14.5 850 850 850 190 200 202 200 3.94  
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STUDY DESCRIPTION: ROTIFER PILOT TRIAL # 3　 
STUDY PERIOD: 06/24/2005-07/27/2005 
ROTIFER SPECIES: Brachionus rotundiformis 
 
SOCCER TANK ROTIFER RAW DATA ROTIFER HARVESTING
DATE DAY# ROTIFER COUNTS (Rot/mL) EGGS COUNTS (Eggs/mL) Rotifer Counts (Rot/mL) EGGS COUNTS (Eggs/mL) VOLUME (mL)
#1 #2 #3 #4 #1 #2 #3 #4 #1 #2 #3 #1 #2 #3
6/24/2005 0 904 818 840 112 126 126
6/25/2005 1 974 1020 906 126 166 158 1359 1298 1382 162 166 194 1700
6/26/2005 2 950 942 954 158 140 192 1031 1030 1004 160 194 182 4800
6/27/2005 3 910 842 852 180 182 164 1030 984 1004 186 184 152 6475
6/28/2005 4 898 877 880 194 182 184 958 900 962 202 230 178 5380
6/29/2005 5 734 704 746 144 158 142 832 840 840 152 146 160 6500
6/30/2005 6 800 770 818 258 270 252 874 860 838 158 160 142 6600
7/1/2005 7 1020 974 908 212 220 210 1130 1055 1050 220 156 160 2540
7/2/2005 8 974 976 978 230 230 196 1062 1142 1042 218 226 206 6450
7/3/2005 9 924 864 904 210 182 210 1061 1136 1048 277 274 230 6300
7/4/2005 10 758 768 762 212 178 172 886 908 1006 208 204 246 6800
7/5/2005 11 734 674 744 248 236 280 794 876 788 190 178 164 6900
7/6/2005 12 860 810 788 206 196 170 1120 1032 1020 250 194 194 4500
7/7/2005 13 840 826 844 208 210 232 918 932 914 176 184 182 5800
7/8/2005 14 716 740 742 204 162 164 1008 994 1020 196 198 178 5850
7/9/2005 15 712 772 760 198 194 194 1030 1016 1022 178 176 160 6200
7/10/2005 16 730 748 746 222 226 236 854 871 878 174 174 172 6600
7/11/2005 17 870 866 808 208 178 206 1042 970 986 216 228 228 5800
7/12/2005 18 732 720 744 198 184 234 1026 1024 996 214 182 220 6500
7/13/2005 19 786 788 812 272 230 250 822 914 906 160 184 180 6100
7/14/2005 20 742 718 722 180 188 184 968 964 966 162 144 158 6140
7/15/2005 21 838 854 858 250 258 252 934 940 946 154 164 148 6090
7/16/2005 22 936 942 936 168 162 158 1100 1088 1086 148 166 148 6200
7/17/2005 23 894 902 897 138 156 108 1152 1090 1120 158 154 150 6250
7/18/2005 24 920 902 906 220 208 224 1054 1086 1070 180 198 196 6100
7/19/2005 25 926 942 946 186 182 170 1134 1216 1202 178 216 166 6080
7/20/2005 26 884 976 926 176 174 202 1134 1164 1200 180 216 174 6000
7/21/2005 27 940 930 908 204 198 196 1172 1166 1176 178 186 206 5900
7/22/2005 28 888 916 894 204 224 218 1110 1136 1100 150 170 114 5900
7/23/2005 29 922 916 908 192 198 166 1158 1100 1050 206 134 170 5900
7/24/2005 30 970 874 934 176 178 158 1090 1126 1110 170 190 196 5700
7/25/2005 31 906 916 894 144 174 176 1066 1036 1022 142 176 162 5800
7/26/2005 32 890 882 896 170 182 194 1100 1086 1116 144 126 150 5500
7/27/2005 33 850 834 906 272 240 234 1058 994 1026 234 172 212 5500  
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 Trial #3 STATISTICS - RAW DATA STATISTICS---ROT HARVESTING
DATE ROT COUNTS (Rot/mL) EGGS COUNTS (Eggs/mL) Egg Ratio HARVESTED (Rot/mL) EGGS COUNTS (Eggs/mL Egg Ratio DAILY ROT YIELD HARVEST 
MEAN STD MEAN STD MEAN STD MEAN STD (Million Rot/day) RATIO
6/24/2005 854 45 121 8 14.21% #DIV/0! #DIV/0!
6/25/2005 967 57 150 21 15.52% 1346 43 174 17 12.92% 2.29 12.46%
6/26/2005 949 6 163 26 17.22% 1022 15 179 17 17.49% 4.90 27.21%
6/27/2005 868 37 175 10 20.20% 1006 23 174 19 17.30% 6.51 39.50%
6/28/2005 885 11 187 6 21.09% 940 35 203 26 21.63% 5.06 30.08%
6/29/2005 728 22 148 9 20.33% 837 5 153 7 18.23% 5.44 39.35%
6/30/2005 796 24 260 9 32.66% 857 18 153 10 17.88% 5.66 37.41%
7/1/2005 967 56 214 5 22.12% 1078 45 179 36 16.57% 2.74 14.90%
7/2/2005 976 2 219 20 22.40% 1082 53 217 10 20.02% 6.98 37.63%
7/3/2005 897 31 201 16 22.36% 1082 48 260 26 24.07% 6.81 39.97%
7/4/2005 763 5 187 22 24.56% 933 64 219 23 23.50% 6.35 43.80%
7/5/2005 717 38 255 23 35.50% 819 49 177 13 21.64% 5.65 41.48%
7/6/2005 819 37 183 18 22.34% 1057 55 213 32 20.11% 4.76 30.56%
7/7/2005 837 9 217 13 25.90% 921 9 181 4 19.61% 5.34 33.62%
7/8/2005 733 14 177 24 24.11% 1007 13 191 11 18.93% 5.89 42.33%
7/9/2005 748 32 195 2 26.11% 1023 7 171 10 16.75% 6.34 44.61%
7/10/2005 741 10 228 7 30.76% 868 12 173 1 19.98% 5.73 40.66%
7/11/2005 848 35 197 17 23.27% 999 38 224 7 22.41% 5.80 35.97%
7/12/2005 732 12 205 26 28.05% 1015 17 205 20 20.22% 6.60 47.45%
7/13/2005 795 14 251 21 31.52% 881 51 175 13 19.83% 5.37 35.55%
7/14/2005 727 13 184 4 25.30% 966 2 155 9 16.01% 5.93 42.92%
7/15/2005 850 11 253 4 29.80% 940 6 155 8 16.52% 5.72 35.45%
7/16/2005 938 3 163 5 17.34% 1091 8 154 10 14.11% 6.77 37.97%
7/17/2005 898 4 134 24 14.93% 1121 31 154 4 13.74% 7.00 41.07%
7/18/2005 909 9 217 8 23.90% 1070 16 191 10 17.88% 6.53 37.78%
7/19/2005 938 11 179 8 19.12% 1184 44 187 26 15.77% 7.20 40.39%
7/20/2005 929 46 184 16 19.81% 1166 33 190 23 16.30% 7.00 39.65%
7/21/2005 926 16 199 4 21.53% 1171 5 190 14 16.22% 6.91 39.28%
7/22/2005 899 15 215 10 23.94% 1115 19 145 28 12.97% 6.58 38.51%
7/23/2005 915 7 185 17 20.25% 1103 54 170 36 15.42% 6.51 37.41%
7/24/2005 926 48 171 11 18.43% 1109 18 185 14 16.72% 6.32 35.92%
7/25/2005 905 11 165 18 18.19% 1041 22 160 17 15.36% 6.04 35.11%
7/26/2005 889 7 182 12 20.46% 1101 15 140 12 12.72% 6.05 35.83%
7/27/2005 863 38 249 20 28.80% 1026 32 206 31 20.08% 5.64 34.40%
Mean 857 195 23.00% 1030 182 17.85% 5.89 36.55%
SD 81 35 5.18% 113 26 3.01% 1.09 7.23%  
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Trial #3 ALGAE COUNTS (Million Cells/mL) ABSORBANCE @
DATE DAY# BIOFILTER INLET BIOFILTER OUTLET INSCREEN BIOFILTER INLET BIOFILTER OUTLET
#1 #2 #3 #1 #2 #3 #1 #2 #3 280 nm 680 nm 750 nm 635 nm 280 nm 680 nm 750 nm 635 nm
6/24/2005 0 0.11 0.10 0.01 0.12 0.12 0.12 0.19 0.18 0.18 0.087 0.038 0.008 0.015 0.087 0.036 0.007 0.015
6/25/2005 1 0.15 0.13 0.12 0.15 0.18 0.12 0.18 0.16 0.12 0.075 0.023 0.006 0.010 0.072 0.021 0.005 0.009
6/26/2005 2 0.12 0.14 0.12 0.13 0.09 0.13 0.21 0.19 0.21 0.075 0.021 0.006 0.009 0.075 0.020 0.005 0.009
6/27/2005 3 0.16 0.18 0.24 0.16 0.17 0.20 0.12 0.12 0.21 0.079 0.024 0.006 0.011 0.078 0.022 0.006 0.010
6/28/2005 4 0.11 0.14 0.08 0.06 0.04 0.03 0.05 0.08 0.05 0.074 0.021 0.007 0.011 0.069 0.017 0.007 0.009
6/29/2005 5 0.07 0.07 0.11 0.15 0.14 0.12 0.09 0.08 0.08 0.077 0.016 0.005 0.008 0.075 0.014 0.004 0.007
6/30/2005 6 0.10 0.08 0.08 0.09 0.12 0.13 0.09 0.07 0.10 0.074 0.017 0.005 0.009 0.076 0.016 0.006 0.008
7/1/2005 7 0.17 0.16 0.17 0.11 0.12 0.10 0.35 0.37 0.34 0.083 0.020 0.008 0.011 0.079 0.015 0.006 0.008
7/2/2005 8 0.03 0.03 0.01 0.06 0.04 0.02 0.13 0.12 0.10 0.074 0.011 0.002 0.005 0.073 0.090 0.001 0.004
7/3/2005 9 0.10 0.14 0.11 0.07 0.11 0.13 0.09 0.12 0.08 0.074 0.013 0.004 0.007 0.074 0.012 0.004 0.006
7/4/2005 10 0.08 0.12 0.11 0.09 0.09 0.12 0.05 0.09 0.09 0.075 0.015 0.005 0.007 0.073 0.013 0.004 0.007
7/5/2005 11 0.14 0.12 0.13 0.16 0.14 0.16 0.06 0.04 0.06 0.082 0.019 0.006 0.009 0.084 0.017 0.006 0.009
7/6/2005 12 0.12 0.12 0.18 0.13 0.15 0.19 0.16 0.08 0.11 0.082 0.016 0.004 0.007 0.079 0.016 0.006 0.008
7/7/2005 13 0.09 0.11 0.08 0.08 0.08 0.08 0.05 0.04 0.07 0.085 0.018 0.006 0.009 0.077 0.012 0.004 0.006
7/8/2005 14 0.17 0.17 0.17 0.14 0.13 0.11 0.06 0.06 0.05 0.077 0.018 0.007 0.009 0.076 0.017 0.008 0.010
7/9/2005 15 0.08 0.07 0.08 0.08 0.06 0.06 0.05 0.05 0.04 0.066 0.003 0.004 0.001 0.067 0.004 0.002 0.001
7/10/2005 16 0.12 0.13 0.11 0.07 0.06 0.06 0.06 0.06 0.05 0.082 0.019 0.007 0.010 0.078 0.014 0.005 0.008
7/11/2005 17 0.12 0.11 0.11 0.11 0.10 0.11 0.13 0.12 0.09 0.086 0.021 0.008 0.011 0.079 0.017 0.007 0.009
7/12/2005 18 0.13 0.10 0.12 0.12 0.12 0.13 0.11 0.08 0.10 0.085 0.017 0.007 0.009 0.087 0.019 0.008 0.010
7/13/2005 19 0.19 0.20 0.21 0.13 0.15 0.20 0.11 0.11 0.14 0.093 0.035 0.011 0.017 0.085 0.026 0.007 0.011
7/14/2005 20 0.08 0.09 0.09 0.08 0.09 0.08 0.10 0.11 0.11 0.066 0.013 0.004 0.006 0.066 0.012 0.004 0.006
7/15/2005 21 0.12 0.10 0.12 0.09 0.10 0.14 0.08 0.07 0.09 0.076 0.017 0.005 0.008 0.070 0.012 0.004 0.006
7/16/2005 22 0.08 0.09 0.06 0.08 0.09 0.08 0.04 0.03 0.04 0.074 0.016 0.005 0.007 0.075 0.014 0.004 0.007
7/17/2005 23 0.10 0.10 0.08 0.10 0.10 0.09 0.04 0.04 0.03 0.078 0.018 0.060 0.090 0.075 0.015 0.004 0.001
7/18/2005 24 0.14 0.15 0.16 0.12 0.13 0.15 0.13 0.12 0.14 0.093 0.027 0.009 0.013 0.085 0.019 0.006 0.009
7/19/2005 25 0.16 0.17 0.17 0.11 0.14 0.15 0.19 0.20 0.20 0.089 0.028 0.010 0.014 0.081 0.022 0.008 0.011
7/20/2005 26 0.04 0.05 0.06 0.05 0.06 0.07 0.12 0.16 0.13 0.076 0.015 0.007 0.007 0.071 0.013 0.005 0.007
7/21/2005 27 0.13 0.13 0.15 0.15 0.16 0.18 0.12 0.14 0.14 0.088 0.021 0.006 0.010 0.084 0.021 0.007 0.011
7/22/2005 28 0.16 0.17 0.17 0.09 0.12 0.12 0.13 0.12 0.15 0.088 0.027 0.010 0.014 0.085 0.020 0.008 0.011
7/23/2005 29 0.07 0.08 0.06 0.04 0.06 0.07 0.25 0.26 0.27 0.079 0.014 0.004 0.007 0.076 0.011 0.004 0.006
7/24/2005 30 0.08 0.10 0.10 0.11 0.10 0.12 0.17 0.21 0.20 0.080 0.015 0.005 0.008 0.078 0.012 0.004 0.006
7/25/2005 31 0.14 0.15 0.08 0.12 0.16 0.17 0.15 0.19 0.24 0.088 0.023 0.009 0.012 0.081 0.017 0.006 0.009
7/26/2005 32 0.09 0.11 0.12 0.10 0.10 0.09 0.34 0.41 0.55 0.081 0.008 0.001 0.004 0.078 0.008 0.002 0.004
7/27/2005 33 0.08 0.10 0.10 0.09 0.08 0.11 0.16 0.17 0.17 0.090 0.018 0.005 0.008 0.081 0.013 0.003 0.005  
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 202
STATISTICS ALGAL COUNTS (Million Cells/mL) ALGAE PASTE 
DATE DAY# BIOFITLER INLET BIOFILTER OUTLET INSCREEN USED
MEAN STDEV MEAN STDEV MEAN STDEV (mL)
6/24/2005 0 0.07 0.06 0.12 0.00 0.18 0.01 33.8
6/25/2005 1 0.13 0.02 0.15 0.03 0.15 0.03 37.5
6/26/2005 2 0.13 0.01 0.12 0.02 0.20 0.01 40.0
6/27/2005 3 0.19 0.04 0.18 0.02 0.15 0.05 38.8
6/28/2005 4 0.11 0.03 0.04 0.02 0.06 0.02 32.5































6 0.09 0.01 0.11 0.02 0.09 0.02 40.0
7 0.17 0.01 0.11 0.01 0.35 0.02 42.5
8 0.02 0.01 0.04 0.02 0.12 0.02 43.8
9 0.12 0.02 0.10 0.03 0.10 0.02 43.8
10 0.10 0.02 0.10 0.02 0.08 0.02 43.8
11 0.13 0.01 0.15 0.01 0.05 0.01 42.5
12 0.14 0.03 0.16 0.03 0.12 0.04 45.0
13 0.09 0.02 0.08 0.00 0.05 0.02 42.5
14 0.17 0.00 0.13 0.02 0.06 0.01 42.5
15 0.08 0.01 0.07 0.01 0.05 0.01 42.5
16 0.12 0.01 0.06 0.01 0.06 0.01 42.5
17 0.11 0.01 0.11 0.01 0.11 0.02 42.5
18 0.12 0.02 0.12 0.01 0.10 0.02 42.5
19 0.20 0.01 0.16 0.04 0.12 0.02 40.0
20 0.09 0.01 0.08 0.01 0.11 0.01 42.5
21 0.11 0.01 0.11 0.03 0.08 0.01 42.5
22 0.08 0.02 0.08 0.01 0.04 0.01 42.5
23 0.09 0.01 0.10 0.01 0.04 0.01 42.5
24 0.15 0.01 0.13 0.02 0.13 0.01 42.5
25 0.17 0.01 0.13 0.02 0.20 0.01 42.5
26 0.05 0.01 0.06 0.01 0.14 0.02 43.8
27 0.14 0.01 0.16 0.02 0.13 0.01 42.5
28 0.17 0.01 0.11 0.02 0.13 0.02 42.5
29 0.07 0.01 0.06 0.02 0.26 0.01 42.5
30 0.09 0.01 0.11 0.01 0.19 0.02 42.5
31 0.12 0.04 0.15 0.03 0.19 0.05 42.5
32 0.11 0.02 0.10 0.01 0.43 0.11 42.5
33 0.09 0.01 0.09 0.02 0.17 0.01 42.5
0.11 0.11 0.13 41.5




TAN (mg NH3-N/L) FLOW RATE ALKALINITY DO
DATE DAY# INLET OUTLET (mg NO2-N/L) (mg NO3-N/L) (mg CaCO3/L)
#1 #2 #3 #1 #2 #3 INLET OUTLET INLET OUTLET (mL/min) #1 #2 #3 #4 (mg/L)
6/24/2005 0 0.520 0.330 0.248 0.223 10.483 10.889 1200 1200 1200 168 170 172 170 4.71
6/25/2005 1 0.310 0.200 0.260 0.238 13.433 13.306 1360 1400 1400 168 178 162 168 4.72
6/26/2005 2 0.240 0.150 0.254 0.223 15.463 15.113 1100 1100 1100 170 170 166 170 4.50
6/27/2005 3 0.260 0.130 0.274 0.230 17.276 17.431 1440 1440 1440 176 186 180 176 4.13
6/28/2005 4 0.170 0.090 0.252 0.217 18.361 16.510 1400 1400 1400 172 176 172 178 4.38
6/29/2005 5 0.160 0.070 0.279 0.232 18.922 16.869 1500 1500 1500 176 180 186 176 4.32
6/30/2005 6 0.150 0.100 0.263 0.225 17.830 19.499 1300 1300 1300 176 174 166 168 4.10
7/1/2005 7 0.130 0.080 0.302 0.261 22.980 21.013 1400 1500 1400 154 158 152 156 3.90
7/2/2005 8 0.120 0.060 0.316 0.286 23.806 23.049 1300 1400 1300 152 150 154 150 3.75
7/3/2005 9 0.110 0.020 0.306 0.261 22.661 23.900 1200 1200 1200 154 155 154 156 4.29
7/4/2005 10 0.110 0.030 0.295 0.243 23.718 22.481 1200 1200 1200 162 158 158 150 4.37
7/5/2005 11 0.130 0.050 0.294 0.232 23.523 22.534 1400 1400 1400 166 166 164 174 4.10
7/6/2005 12 0.130 0.060 0.321 0.272 20.414 18.472 1180 1180 1160 166 166 162 164 4.05
7/7/2005 13 0.120 0.040 0.318 0.248 20.910 11.779 1500 1500 1500 168 174 170 164 4.30
7/8/2005 14 0.120 0.060 0.294 0.234 16.657 17.091 1300 1300 1300 174 178 174 172 3.90
7/9/2005 15 0.100 0.050 0.332 0.266 18.305 20.237 1500 1500 1500 176 180 170 172 3.89
7/10/2005 16 0.100 0.030 0.378 0.289 19.544 21.394 1200 1200 1200 172 166 162 166 4.03
7/11/2005 17 0.120 0.050 0.479 0.332 20.578 18.167 1400 1440 1440 164 170 172 172 4.11
7/12/2005 18 0.120 0.050 0.365 0.295 16.369 17.202 1400 1400 1400 178 180 182 180 4.24
7/13/2005 19 0.110 0.060 0.172 0.158 17.963 18.625 1400 1400 1400 180 180 170 176 4.66
7/14/2005 20 0.110 0.050 0.207 0.182 16.787 18.837 1300 1300 1300 184 182 182 180 5.26
7/15/2005 21 0.190 0.050 0.323 0.256 19.342 20.002 1140 1140 1100 188 182 178 182 5.81
7/16/2005 22 0.180 0.050 0.323 0.253 19.526 19.862 1360 1400 1400 184 180 174 174 5.75
7/17/2005 23 0.130 0.060 0.339 0.286 14.534 15.655 1200 1300 1300 176 176 174 172 5.95
7/18/2005 24 0.150 0.040 0.357 0.275 23.798 21.855 1400 1400 1400 174 176 178 178 5.73
7/19/2005 25 0.150 0.060 0.403 0.326 25.134 25.556 1250 1200 1200 168 170 172 174 5.21
7/20/2005 26 0.130 0.040 0.416 0.295 17.441 16.040 1460 1400 1440 165 170 160 160 5.31
7/21/2005 27 0.100 0.060 0.379 0.314 17.302 17.748 1300 1300 1300 176 172 162 164 5.99
7/22/2005 28 0.110 0.000 0.427 0.299 25.381 22.560 1440 1400 1440 162 158 162 160 6.77
7/23/2005 29 0.100 0.040 0.496 0.321 26.907 27.216 1300 1400 1400 160 158 158 156 8.17
7/24/2005 30 0.120 0.040 0.503 0.314 26.017 26.260 1450 1400 1400 160 160 156 156 8.81
7/25/2005 31 0.080 0.030 0.437 0.312 26.034 25.967 1300 1400 1400 166 166 160 160 8.80
7/26/2005 32 0.110 0.020 0.560 0.272 26.227 26.989 1300 1400 1400 164 164 162 160 7.63


































 VI-1 Calibration of RRT model with Dataset #1 
 
Table 1-1-a. SSE for 5 b_R VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_R @ (rot/mL) b_R @
Time (Day) 0.010 0.040 0.070 0.100 0.130 DATASET#1 0.010 0.040 0.070 0.100 0.130
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 720.97 715.58 710.24 704.94 699.68
0.50 728.29 717.48 706.84 696.35 686.02
0.75 738.31 721.98 706.01 690.39 675.11
1.00 750.15 728.14 706.77 686.03 665.89 543.00 42911.12 34276.82 26820.61 20457.58 15101.95
1.25 759.10 731.40 704.71 678.98 654.18
1.50 772.10 738.47 706.30 675.52 646.07
1.75 785.00 745.35 707.69 671.90 637.90
2.00 797.67 751.93 708.77 668.05 629.64 939.00 19974.17 34995.18 53005.85 73413.90 95703.61
2.25 805.68 754.09 705.72 660.40 617.94
2.50 817.37 759.68 705.95 655.92 609.37
2.75 828.42 764.69 705.68 651.08 600.60
3.00 838.73 769.05 704.89 645.88 591.64 980.00 19957.21 44499.90 75685.51 111636.17 150823.49
3.25 844.08 768.93 700.08 637.11 579.58
3.50 854.35 773.26 699.36 632.13 571.09
3.75 865.29 778.11 699.07 627.59 563.07
4.00 877.00 783.54 699.26 623.48 555.50 548.00 108241.00 55479.09 22879.59 5697.23 56.25
4.25 884.63 785.24 696.10 616.43 545.40
4.50 896.97 791.09 696.64 612.70 538.34
4.75 909.24 796.86 697.11 608.97 531.37
5.00 921.34 802.48 697.48 605.21 524.45 652.00 72544.04 22644.23 2068.43 2189.30 16269.00
5.25 928.03 803.48 693.93 598.14 514.79
5.50 938.34 807.84 693.43 593.86 507.68
5.75 946.99 811.11 692.21 589.11 500.31
6.00 953.60 813.08 690.16 583.85 492.67 891.00 3918.76 6071.53 40336.71 94341.12 158666.79
6.25 954.04 810.03 684.04 575.30 482.40
6.50 961.36 812.49 682.44 570.52 475.33
6.75 971.13 816.54 681.91 566.54 468.91
7.00 983.42 822.22 682.47 563.34 463.11 643.00 115885.78 32119.81 1557.88 6345.72 32360.41
7.25 992.29 824.73 680.23 557.76 455.39
7.50 1006.71 831.75 681.67 555.22 450.18
7.75 1021.18 838.78 683.09 552.67 445.03
8.00 1035.52 845.73 684.44 550.10 439.91 577.00 210240.59 72215.81 11543.35 723.61 18793.67
8.25 1044.14 848.05 682.10 544.60 432.53
8.50 1058.12 854.79 683.32 542.00 427.52
8.75 1071.97 861.45 684.51 539.41 422.57
9.00 1085.66 868.03 685.65 536.81 417.67 601.00 234895.32 71305.02 7165.62 4120.36 33609.89
9.25 1093.67 870.06 683.20 531.43 410.67
9.50 1108.30 877.20 684.69 529.12 406.08
9.75 1123.97 884.92 686.52 527.04 401.70
10.00 1140.76 893.25 688.69 525.18 397.51 1013.00 16322.62 14340.06 105176.98 237968.35 378827.94
10.25 1152.16 897.21 687.44 520.73 391.39
10.50 1169.05 905.56 689.59 518.89 387.30
10.75 1184.98 913.41 691.44 516.88 383.14
11.00 1199.57 920.61 692.93 514.67 378.90 507.00 479653.20 171073.23 34569.96 58.83 16409.61
11.25 1206.47 922.30 690.43 509.58 372.62
11.50 1219.18 928.65 691.52 507.20 368.39
11.75 1231.61 934.89 692.56 504.83 364.20
12.00 1243.87 941.07 693.59 502.47 360.07 495.00 560806.28 198978.44 39437.99 55.80 18206.10
12.25 1249.71 942.34 691.00 497.51 354.12
12.50 1263.06 949.04 692.31 495.36 350.22
12.75 1277.50 956.28 693.89 493.38 346.45
13.00 1293.10 964.07 695.74 491.55 342.81 849.00 197224.81 13241.10 23488.63 127770.50 256228.32
13.25 1302.55 967.13 694.09 487.26 337.49
13.50 1318.47 975.12 696.03 485.51 333.98
13.75 1333.68 982.84 697.82 483.69 330.46





14.25 1354.01 991.90 697.20 477.29 321.69
14.50 1366.44 998.54 698.54 475.30 318.19
14.75 1378.09 1004.89 699.76 473.27 314.70
15.00 1388.96 1010.92 700.87 471.19 311.24 453.00 876021.12 311274.73 61439.54 330.88 20095.90
15.25 1392.11 1011.42 698.21 466.63 306.17
15.50 1403.28 1017.55 699.40 464.65 302.83
15.75 1415.36 1024.07 700.75 462.76 299.58
16.00 1428.42 1031.03 702.29 460.98 296.41 457.00 943656.82 329510.44 60167.18 15.84 25789.15
16.25 1434.64 1032.87 700.28 456.86 291.78
16.50 1448.58 1040.27 702.01 455.20 288.75
16.75 1462.51 1047.73 703.77 453.55 285.76
17.00 1476.34 1055.21 705.54 451.93 282.80 715.00 579638.60 115742.84 89.49 69205.82 186796.84
17.25 1481.92 1056.98 703.55 447.92 278.40
17.50 1494.24 1063.93 705.13 446.24 275.48
17.75 1505.20 1070.40 706.53 444.49 272.56
18.00 1514.65 1076.29 707.75 442.67 269.63 647.00 752816.52 184289.90 3690.56 41750.75 142408.12
18.25 1514.71 1075.92 705.03 438.45 265.29
18.50 1521.83 1080.81 705.93 436.54 262.38
18.75 1528.03 1085.30 706.71 434.60 259.49
19.00 1533.32 1089.38 707.36 432.63 256.62 1197.00 113111.14 11582.06 239747.33 584261.50 884314.54
19.25 1529.88 1087.36 704.18 428.35 252.42
19.50 1534.44 1090.99 704.71 426.38 249.61
19.75 1538.93 1094.56 705.23 424.41 246.84
20.00 1543.37 1098.09 705.75 422.47 244.10 794.00 561555.40 92470.73 7788.06 138034.54 302390.01
20.25 1540.07 1095.94 702.59 418.33 240.13
20.50 1546.23 1100.12 703.35 416.51 237.52
20.75 1553.74 1104.89 704.31 414.79 234.97
21.00 1562.61 1110.27 705.49 413.16 232.49 742.00 673400.77 135622.79 1332.98 108135.75 259600.44
21.25 1564.22 1110.26 703.11 409.44 228.85
21.50 1574.30 1116.29 704.51 407.92 226.48
21.75 1584.38 1122.40 705.96 406.42 224.13
22.00 1594.36 1128.54 707.42 404.94 221.82 1021.00 328741.69 11564.85 98332.42 379529.92 638688.67
22.25 1596.01 1128.77 705.18 401.35 218.37
22.50 1606.62 1135.20 706.76 399.94 216.14
22.75 1617.79 1141.90 708.45 398.58 213.95
23.00 1629.54 1148.87 710.24 397.26 211.80 842.00 620219.25 94169.20 17360.70 197793.67 397152.04
23.25 1632.88 1149.89 708.33 393.89 208.57
23.50 1644.25 1156.81 710.12 392.59 206.48
23.75 1654.75 1163.46 711.83 391.27 204.39
24.00 1664.29 1169.76 713.45 389.93 202.32 1087.00 333263.74 6849.22 139539.60 485906.58 782658.70
24.25 1663.83 1169.39 711.18 386.51 199.19
24.50 1670.46 1174.52 712.48 385.08 197.13
24.75 1675.15 1178.82 713.57 383.59 195.05
25.00 1677.83 1182.21 714.42 382.03 192.98 913.00 584964.93 72474.02 39434.02 281929.14 518428.80
25.25 1670.79 1178.75 711.32 378.41 189.89
25.50 1673.90 1181.88 712.11 376.87 187.86
25.75 1678.57 1185.59 713.06 375.40 185.89
26.00 1684.79 1189.96 714.20 373.99 183.96 892.00 628515.98 88780.16 31612.84 268334.36 501320.64
26.25 1683.26 1188.57 711.72 370.69 181.11
26.50 1690.91 1193.68 713.06 369.37 179.26
26.75 1698.59 1198.89 714.44 368.07 177.43
27.00 1706.26 1204.15 715.85 366.79 175.62 873.00 694322.23 109660.32 24696.12 256248.56 486338.86
27.25 1704.90 1203.06 713.49 363.59 172.92
27.50 1712.54 1208.36 714.94 362.33 171.16
27.75 1720.05 1213.63 716.39 361.09 169.43
28.00 1727.41 1218.86 717.85 359.86 167.71 912.00 664893.47 94163.06 37694.22 304858.58 553967.60
28.25 1726.02 1217.76 715.55 356.74 165.14
28.50 1735.14 1223.65 717.20 355.59 163.49
28.75 1745.75 1230.18 719.04 354.51 161.88
29.00 1757.85 1237.37 721.08 353.49 160.32 715.00 1087536.12 272870.42 36.97 130689.48 307669.90
29.25 1761.29 1238.38 719.42 350.65 157.94
29.50 1772.77 1245.55 721.45 349.64 156.41  
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29.75 1782.46 1252.11 723.33 348.58 154.87
30.00 1790.16 1257.89 725.03 347.48 153.33 775.00 1030549.83 233182.75 2497.00 182773.35 386473.59
30.25 1787.22 1256.41 722.75 344.50 150.99
30.50 1794.21 1261.64 724.35 343.39 149.48
30.75 1801.91 1267.11 726.02 342.31 148.00
31.00 1810.35 1272.87 727.77 341.26 146.54 677.00 1284482.22 355061.06 2577.59 112721.35 281387.81
31.25 1809.69 1272.12 725.74 338.44 144.34
31.50 1818.28 1278.02 727.54 337.42 142.93
31.75 1826.25 1283.69 729.31 336.39 141.53
32.00 1833.55 1289.06 731.01 335.36 140.13 1036.00 636086.00 64039.36 93018.90 490896.41 802583.06
32.25 1830.46 1287.23 728.77 332.55 138.02
32.50 1836.44 1291.86 730.30 331.48 136.64
32.75 1841.86 1296.22 731.75 330.40 135.28
Final 1846.72 1300.33 733.15 329.31 133.92 735.00 1235921.36 319598.01 3.42 164584.38 361297.17
SSE 1.66E+07 4.04E+06 1.40E+06 4.89E+06 9.03E+06
n = 34
Mean = 759.62 710.0898 349.9097 206.2411 385.0284 523.2124
0.9348 0.4606 0.2715 0.5069 0.6888  
Table 1-2-a. SSE for 5 Y_Rot VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
Y_Rot @ (rot/mL) Y_Rot @
Time (Day) 100.000 600.000 1100.000 1600.000 2100.000 DATASET#1 100.00 600.00 1100.00 1600.00 2100.00
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 689.38 702.81 708.30 710.22 711.14
0.50 662.15 689.31 702.30 706.78 708.83
0.75 639.08 679.35 699.14 705.93 708.95
1.00 619.77 672.53 697.99 706.67 710.49 543.00 5893.63 16778.02 24021.90 26787.87 28052.90
1.25 598.85 663.89 694.31 704.58 709.08
1.50 580.46 658.25 694.19 706.16 711.37
1.75 561.45 651.68 693.71 707.52 713.49
2.00 541.91 644.10 692.71 708.58 715.39 939.00 157680.47 86966.01 60658.76 53093.38 50001.43
2.25 519.08 632.16 687.43 705.51 713.21
2.50 498.57 622.56 685.07 705.70 714.44
2.75 477.65 611.94 681.92 705.40 715.29
3.00 456.44 600.41 677.95 704.57 715.75 980.00 274115.07 144088.57 91234.20 75861.68 69828.06
3.25 433.77 585.86 670.03 699.73 712.18
3.50 415.43 576.06 666.31 698.97 712.69
3.75 398.81 567.81 663.36 698.65 713.56
4.00 383.75 560.96 661.19 698.81 714.79 548.00 26978.06 167.96 12811.98 22743.66 27818.90
4.25 367.91 552.13 656.10 695.63 712.52
4.50 354.49 546.38 654.56 696.13 714.00
4.75 341.47 540.58 652.96 696.58 715.43
5.00 328.85 534.69 651.23 696.92 716.77 652.00 104425.92 13761.64 0.59 2017.81 4195.15
5.25 314.54 525.60 645.73 693.34 714.14
5.50 301.47 518.22 642.81 692.82 714.77
5.75 288.03 509.58 638.85 691.56 714.83
6.00 274.32 499.70 633.71 689.46 714.24 891.00 380294.22 153115.69 66198.14 40618.37 31244.10
6.25 260.22 487.34 624.78 683.31 709.51
6.50 249.74 479.94 620.56 681.67 709.26
6.75 241.20 474.79 617.95 681.11 709.86
7.00 234.39 471.59 616.88 681.65 711.34 643.00 166962.13 29381.39 682.25 1493.82 4670.36
7.25 227.32 467.17 613.60 679.39 709.73
7.50 221.50 465.42 613.73 680.81 711.90
7.75 215.71 463.64 613.86 682.21 714.05
8.00 209.94 461.75 613.92 683.54 716.13 577.00 134733.04 13282.56 1363.09 11350.77 19357.16
8.25 203.21 457.32 610.64 681.18 714.34
8.50 197.76 455.28 610.55 682.39 716.31
8.75 192.46 453.21 610.41 683.56 718.24
9.00 187.33 451.11 610.21 684.68 720.14 601.00 171122.87 22467.01 84.82 7002.34 14194.34
9.25 181.61 446.76 606.85 682.21 718.25
9.50 177.51 445.28 607.10 683.68 720.46
9.75 173.98 444.31 607.76 685.49 722.96
10.00 170.98 443.84 608.83 687.65 725.78 1013.00 708997.68 323943.11 163353.39 105852.62 82495.33  
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10.25 167.30 441.31 606.93 686.39 724.95
10.50 164.27 440.87 607.99 688.52 727.74
10.75 160.97 440.06 608.71 690.35 730.25
11.00 157.43 438.77 609.01 691.83 732.45 507.00 122199.18 4655.33 10406.04 34162.13 50827.70
11.25 153.01 434.75 605.70 689.32 730.49
11.50 149.60 432.95 605.50 690.38 732.35
11.75 146.35 431.14 605.25 691.40 734.17
12.00 143.25 429.36 604.99 692.41 735.99 495.00 123728.06 4308.61 12097.80 38970.71 58076.18
12.25 139.66 425.45 601.60 689.80 733.96
12.50 137.17 424.16 601.70 691.10 736.02
12.75 135.01 423.23 602.12 692.66 738.33
13.00 133.14 422.65 602.85 694.49 740.88 849.00 512455.54 181774.32 60589.82 23873.34 11689.93
13.25 130.74 420.08 600.61 692.84 739.68
13.50 129.01 419.67 601.47 694.75 742.29
13.75 127.20 419.12 602.17 696.52 744.77
14.00 125.33 418.38 602.68 698.13 747.11 385.00 67428.51 1114.22 47384.58 98050.40 131123.65
14.25 122.77 415.25 599.83 695.88 745.35
14.50 120.88 414.22 600.02 697.20 747.43
14.75 119.01 413.07 600.08 698.40 749.42
15.00 117.14 411.81 600.00 699.49 751.31 453.00 112801.94 1696.62 21609.00 60757.32 88988.86
15.25 114.75 408.36 596.71 696.82 749.17
15.50 113.16 407.26 596.74 697.98 751.13
15.75 111.75 406.37 596.96 699.32 753.24
16.00 110.49 405.71 597.41 700.85 755.53 457.00 120069.18 2630.66 19714.97 59462.82 89120.16
16.25 108.79 403.10 594.87 698.82 753.96
16.50 107.73 402.70 595.54 700.53 756.41
16.75 106.70 402.34 596.25 702.27 758.88
17.00 105.71 402.01 596.97 704.02 761.37 715.00 371234.30 97962.74 13931.08 120.56 2150.18
17.25 104.18 399.53 594.51 702.02 759.80
17.50 103.16 399.04 595.04 703.59 762.11
17.75 102.09 398.38 595.38 704.98 764.27
18.00 100.96 397.55 595.52 706.17 766.25 647.00 298159.68 62225.30 2650.19 3501.09 14220.56
18.25 99.26 394.44 592.30 703.45 764.01
18.50 98.09 393.33 592.10 704.32 765.71
18.75 96.91 392.11 591.76 705.08 767.30
19.00 95.74 390.80 591.30 705.72 768.79 1197.00 1212773.59 649958.44 366872.49 241356.04 183363.80
19.25 94.08 387.36 587.61 702.52 766.12
19.50 92.97 386.00 587.04 703.03 767.49
19.75 91.90 384.66 586.46 703.53 768.85
20.00 90.88 383.35 585.90 704.04 770.22 794.00 494377.73 168633.42 43305.61 8092.80 565.49
20.25 89.45 380.11 582.31 700.86 767.55
20.50 88.61 379.09 582.02 701.60 769.11
20.75 87.87 378.28 581.96 702.54 770.87
21.00 87.23 377.69 582.14 703.70 772.82 742.00 428723.75 132721.78 25555.22 1466.89 949.87
21.25 86.21 375.28 579.43 701.32 770.85
21.50 85.69 374.93 579.87 702.70 773.00
21.75 85.19 374.62 580.35 704.13 775.19
22.00 84.71 374.35 580.85 705.58 777.40 1021.00 876638.96 418156.22 193732.02 99489.78 59340.96
22.25 83.81 372.14 578.33 703.33 775.52
22.50 83.40 371.99 578.97 704.89 777.84
22.75 83.03 371.93 579.71 706.56 780.25
23.00 82.70 371.95 580.56 708.33 782.76 842.00 576536.49 220947.00 68350.87 17867.67 3509.38
23.25 81.96 370.07 578.40 706.42 781.19
23.50 81.65 370.12 579.25 708.19 783.70
23.75 81.33 370.11 580.03 709.88 786.14
24.00 80.98 370.04 580.73 711.49 788.50 1087.00 1012076.24 514031.64 256309.31 141007.76 89102.25
24.25 80.19 367.92 578.23 709.21 786.57
24.50 79.78 367.60 578.61 710.50 788.63
24.75 79.33 367.12 578.77 711.57 790.48





25.25 77.87 363.73 575.40 709.29 789.39
25.50 77.39 363.04 575.27 710.06 790.97
25.75 76.96 362.49 575.30 711.00 792.70
26.00 76.60 362.11 575.53 712.11 794.61 892.00 664877.16 280783.41 100153.26 32360.41 9484.81
26.25 75.88 359.95 572.88 709.63 792.47
26.50 75.60 359.76 573.33 710.95 794.57
26.75 75.33 359.61 573.83 712.32 796.69
27.00 75.07 359.49 574.35 713.71 798.85 873.00 636692.28 263692.52 89191.82 25373.30 5498.22
27.25 74.43 357.49 571.87 711.35 796.80
27.50 74.20 357.41 572.44 712.77 798.99
27.75 73.97 357.35 573.02 714.21 801.18
28.00 73.75 357.29 573.60 715.65 803.39 912.00 702663.06 307703.18 114514.56 38553.32 11796.13
28.25 73.15 355.38 571.20 713.35 801.37
28.50 72.99 355.48 571.98 714.98 803.76
28.75 72.86 355.72 572.94 716.81 806.34
29.00 72.78 356.09 574.08 718.83 809.10 715.00 412446.53 128816.39 19858.45 14.67 8854.81
29.25 72.34 354.67 572.31 717.17 807.71
29.50 72.27 355.06 573.46 719.18 810.47
29.75 72.17 355.34 574.47 721.04 813.08
30.00 72.04 355.50 575.31 722.73 815.51 775.00 494152.76 175980.25 39876.10 2732.15 1641.06
30.25 71.50 353.69 572.97 720.45 813.49
30.50 71.35 353.79 573.71 722.02 815.83
30.75 71.22 353.93 574.52 723.68 818.24
31.00 71.11 354.13 575.41 725.41 820.74 677.00 367102.69 104245.04 10320.53 2343.53 20661.19
31.25 70.64 352.51 573.32 723.38 818.97
31.50 70.55 352.76 574.25 725.17 821.51
31.75 70.45 352.98 575.15 726.91 824.02
32.00 70.35 353.16 576.00 728.60 826.48 1036.00 932479.92 466270.47 211600.00 94494.76 43898.63
32.25 69.86 351.43 573.73 726.36 824.49
32.50 69.73 351.51 574.41 727.86 826.77
32.75 69.59 351.54 575.03 729.30 828.98
Final 69.45 351.54 575.60 730.68 831.13 735.00 442956.80 147041.57 25408.36 18.66 9240.98
SSE 1.38E+07 5.44E+06 2.29E+06 1.41E+06 1.24E+06
n = 34
Mean = 759.62 646.8955 405.9414 263.1744 206.7888 193.8898
0.8516 0.5344 0.3465 0.2722 0.2552  
 
 
Table 1-3-a. SSE for 5 K_A VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
K_A @ (rot/mL) K_A @
Time (Day) 1.260 2.435 3.610 4.785 5.960 DATASET#1 1.26 2.44 3.61 4.79 5.96
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 719.34 715.47 712.70 710.55 708.83
0.50 720.90 714.92 710.44 706.87 703.92
0.75 722.58 715.12 709.42 704.80 700.91
1.00 723.57 715.05 708.43 703.02 698.43 543.00 32605.52 29601.20 27367.08 25606.40 24158.48
1.25 720.60 711.21 703.84 697.76 692.57
1.50 722.15 711.78 703.56 696.73 690.87
1.75 724.27 712.84 703.70 696.06 689.47
2.00 726.85 714.27 704.15 695.63 688.26 939.00 45007.62 50503.57 55154.52 59228.96 62870.55
2.25 726.01 712.24 701.09 691.67 683.50
2.50 729.34 714.19 701.86 691.41 682.33
2.75 732.89 716.23 702.63 691.08 681.04
3.00 736.55 718.26 703.30 690.58 679.51 980.00 59267.90 68507.83 76562.89 83763.94 90294.24
3.25 736.31 716.45 700.20 686.38 674.36
3.50 739.86 718.43 700.87 685.96 672.98
3.75 743.31 720.38 701.60 685.64 671.77
4.00 746.57 722.25 702.32 685.40 670.70 548.00 39430.04 30363.06 23814.66 18878.76 15055.29
4.25 745.84 720.29 699.37 681.61 666.18
4.50 749.14 722.23 700.19 681.48 665.24
4.75 752.53 724.22 701.04 681.38 664.31
5.00 755.98 726.24 701.90 681.27 663.37 652.00 10811.84 5511.58 2490.01 856.73 129.28
5.25 755.61 724.50 699.07 677.53 658.85
5.50 759.36 726.59 699.83 677.18 657.58
5.75 763.08 728.49 700.29 676.47 655.87
6.00 766.59 730.02 700.29 675.23 653.60 891.00 15477.85 25914.56 36370.30 46556.69 56358.76  
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6.25 765.98 727.61 696.53 670.38 647.86
6.50 769.50 729.31 696.85 669.60 646.16
6.75 772.88 731.08 697.40 669.17 644.92
7.00 775.74 732.60 697.89 668.83 643.89 643.00 17619.91 8028.16 3012.91 667.19 0.79
7.25 774.27 730.16 694.69 665.02 639.58
7.50 777.18 731.84 695.40 664.95 638.85
7.75 780.35 733.73 696.29 665.03 638.25
8.00 783.74 735.79 697.32 665.22 637.74 577.00 42741.43 25214.26 14476.90 7782.77 3689.35
8.25 783.12 734.07 694.75 661.96 633.91
8.50 786.74 736.30 695.91 662.25 633.48
8.75 790.44 738.60 697.11 662.58 633.08
9.00 794.24 740.96 698.36 662.94 632.71 601.00 37341.70 19588.80 9478.97 3836.56 1005.52
9.25 793.74 739.34 695.90 659.79 629.01
9.50 797.13 741.42 696.98 660.07 628.63
9.75 800.13 743.23 697.86 660.23 628.18
10.00 802.65 744.68 698.49 660.19 627.60 1013.00 44247.12 71995.62 98916.54 124474.90 148533.16
10.25 800.97 742.23 695.47 656.71 623.75
10.50 804.05 744.13 696.45 656.97 623.41
10.75 807.56 746.33 697.66 657.38 623.16
11.00 811.39 748.74 698.98 657.85 622.93 507.00 92653.27 58438.23 36856.32 22755.72 13439.76
11.25 811.05 747.24 696.62 654.82 619.37
11.50 814.96 749.65 697.90 655.21 619.05
11.75 818.87 752.04 699.16 655.59 618.71
12.00 822.79 754.42 700.42 655.96 618.37 495.00 107446.28 67298.74 42197.38 25908.12 15220.16
12.25 822.27 752.76 697.93 652.85 614.77
12.50 825.86 754.92 699.04 653.15 614.42
12.75 829.19 756.91 700.04 653.38 614.04
13.00 832.22 758.68 700.89 653.51 613.59 849.00 281.57 8157.70 21936.57 38216.34 55417.87
13.25 830.83 756.44 698.04 650.20 609.93
13.50 834.08 758.39 699.03 650.45 609.59
13.75 837.56 760.51 700.15 650.79 609.31
14.00 841.24 762.76 701.35 651.19 609.06 385.00 208154.94 142702.62 100077.32 70857.12 50202.88
14.25 840.60 761.06 698.89 648.17 605.61
14.50 844.47 763.41 700.14 648.58 605.36
14.75 848.41 765.79 701.40 648.99 605.09
15.00 852.42 768.20 702.67 649.39 604.82 453.00 159536.34 99351.04 62335.11 38569.03 23049.31
15.25 851.88 766.52 700.20 646.34 601.33
15.50 855.69 768.78 701.36 646.67 601.02
15.75 859.34 770.94 702.46 646.98 600.70
16.00 862.83 772.99 703.49 647.24 600.36 457.00 164697.99 99849.68 60757.32 36191.26 20552.09
16.25 861.69 770.91 700.78 644.07 596.86
16.50 865.11 772.92 701.79 644.34 596.54
16.75 868.55 774.95 702.82 644.61 596.24
17.00 872.02 776.99 703.86 644.90 595.94 715.00 24655.28 3842.76 124.10 4914.01 14175.28
17.25 870.99 775.02 701.24 641.83 592.54
17.50 874.77 777.27 702.43 642.22 592.31
17.75 878.72 779.64 703.68 642.65 592.10
18.00 882.83 782.08 704.97 643.09 591.89 647.00 55615.79 18246.61 3360.52 15.29 3037.11
18.25 882.36 780.44 702.56 640.13 588.53
18.50 886.58 782.92 703.84 640.54 588.27
18.75 890.86 785.42 705.12 640.93 587.99
19.00 895.17 787.92 706.39 641.30 587.68 1197.00 91101.35 167346.45 240698.17 308802.49 371270.86
19.25 894.77 786.24 703.91 638.27 584.25
19.50 899.08 788.71 705.14 638.60 583.91
19.75 903.39 791.17 706.37 638.94 583.58
20.00 907.72 793.64 707.59 639.27 583.24 794.00 12932.24 0.13 7466.69 23941.37 44419.78
20.25 907.21 791.90 705.08 636.24 579.85
20.50 911.40 794.29 706.29 636.60 579.57
20.75 915.50 796.65 707.48 636.96 579.31
21.00 919.48 798.94 708.65 637.33 579.07 742.00 31499.15 3242.16 1112.22 10955.81 26546.18
21.25 918.56 797.00 706.08 634.34 575.80
21.50 922.53 799.30 707.27 634.74 575.61
21.75 926.52 801.62 708.49 635.16 575.44




22.25 929.62 802.04 707.19 632.67 572.09
22.50 933.52 804.31 708.37 633.08 571.92
22.75 937.34 806.52 709.52 633.47 571.75
23.00 941.07 808.67 710.62 633.83 571.57 842.00 9814.86 1110.89 17260.70 43334.75 73132.38
23.25 939.86 806.57 708.00 630.87 568.39
23.50 943.73 808.83 709.18 631.30 568.26
23.75 947.73 811.16 710.42 631.76 568.14
24.00 951.83 813.55 711.69 632.24 568.04 1087.00 18270.93 74774.90 140857.60 206806.66 269319.48
24.25 951.03 811.72 709.25 629.41 564.96
24.50 955.41 814.27 710.61 629.93 564.87
24.75 959.90 816.86 711.98 630.45 564.75
25.00 964.47 819.47 713.33 630.92 564.59 913.00 2649.16 8747.86 39868.11 79569.13 121389.53
25.25 963.91 817.70 710.87 628.03 561.42
25.50 968.29 820.17 712.12 628.44 561.21
25.75 972.55 822.56 713.33 628.83 561.01
26.00 976.68 824.88 714.49 629.20 560.81 892.00 7170.70 4505.09 31509.80 69063.84 109686.82
26.25 975.60 822.81 711.87 626.25 557.66
26.50 979.70 825.12 713.04 626.64 557.48
26.75 983.84 827.45 714.24 627.04 557.33
27.00 988.00 829.80 715.45 627.47 557.18 873.00 13225.00 1866.24 24822.00 60284.98 99742.27
27.25 986.97 827.79 712.90 624.59 554.12
27.50 991.16 830.17 714.12 625.04 554.00
27.75 995.37 832.55 715.36 625.49 553.88
28.00 999.59 834.94 716.60 625.94 553.78 912.00 7672.01 5938.24 38181.16 81830.32 128321.57
28.25 998.44 832.86 714.02 623.07 550.74
28.50 1002.36 835.05 715.13 623.44 550.58
28.75 1006.06 837.10 716.14 623.75 550.38
29.00 1009.52 838.98 717.03 623.97 550.14 715.00 86742.03 15371.04 4.12 8286.46 27178.82
29.25 1007.69 836.47 714.17 620.93 547.01
29.50 1011.48 838.58 715.24 621.29 546.86
29.75 1015.53 840.88 716.43 621.73 546.77
30.00 1019.81 843.30 717.71 622.22 546.71 775.00 59931.94 4664.89 3282.14 23341.73 52116.32
30.25 1018.73 841.29 715.20 619.43 543.76
30.50 1022.90 843.63 716.41 619.88 543.67
30.75 1026.97 845.90 717.57 620.30 543.56
31.00 1030.94 848.10 718.69 620.68 543.43 677.00 125273.52 29275.21 1738.06 3171.94 17840.94
31.25 1029.42 845.80 715.99 617.78 540.43
31.50 1033.33 847.96 717.07 618.14 540.28
31.75 1037.24 850.10 718.13 618.48 540.12
32.00 1041.14 852.22 719.17 618.80 539.93 1036.00 26.42 33775.09 100381.25 174055.84 246085.44
32.25 1039.58 849.86 716.42 615.84 536.89
32.50 1043.63 852.06 717.50 616.18 536.71
32.75 1047.79 854.34 718.63 616.55 536.55
Final 1052.08 856.69 719.81 616.96 536.42 735.00 100539.73 14808.46 230.74 13933.44 39434.02
SSE 1.73E+06 1.25E+06 1.420E+06 1.865E+06 2.42E+06
n = 34
Mean = 759.62 229.1370 194.2854 207.4081 237.7291 270.9322
0.3016 0.2558 0.2730 0.3130 0.3567  
 
Table 1-4-a. SSE for 5 b_A VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_A @ (rot/mL) b_A @
Time (Day) 0.010 0.020 0.030 0.040 0.050 DATASET#1 0.01 0.02 0.03 0.04 0.05
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 711.15 711.14 711.14 711.13 711.12
0.50 708.85 708.83 708.81 708.80 708.78
0.75 708.98 708.95 708.92 708.89 708.85
1.00 710.53 710.49 710.44 710.40 710.35 543.00 28066.30 28052.90 28036.15 28022.76 28006.02
1.25 709.14 709.08 709.02 708.96 708.90
1.50 711.44 711.37 711.29 711.22 711.14
1.75 713.59 713.49 713.40 713.31 713.22
2.00 715.50 715.39 715.28 715.17 715.05 939.00 49952.25 50001.43 50050.64 50099.87 50153.60
2.25 713.34 713.21 713.07 712.94 712.81
2.50 714.59 714.44 714.28 714.13 713.97
2.75 715.47 715.29 715.11 714.93 714.75
3.00 715.95 715.75 715.54 715.33 715.13 980.00 69722.40 69828.06 69939.09 70050.21 70156.12  
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3.25 712.41 712.18 711.95 711.72 711.49
3.50 712.95 712.69 712.44 712.18 711.93
3.75 713.84 713.56 713.28 713.00 712.73
4.00 715.09 714.79 714.49 714.19 713.89 548.00 27919.07 27818.90 27718.92 27619.12 27519.49
4.25 712.84 712.52 712.20 711.88 711.56
4.50 714.35 714.00 713.66 713.32 712.98
4.75 715.79 715.43 715.07 714.71 714.34
5.00 717.16 716.77 716.39 716.00 715.62 652.00 4245.83 4195.15 4146.07 4096.00 4047.50
5.25 714.54 714.14 713.73 713.32 712.92
5.50 715.20 714.77 714.34 713.91 713.48
5.75 715.28 714.83 714.37 713.91 713.46
6.00 714.72 714.24 713.75 713.27 712.78 891.00 31074.64 31244.10 31417.56 31587.95 31762.37
6.25 710.02 709.51 709.00 708.49 707.98
6.50 709.80 709.26 708.73 708.19 707.66
6.75 710.42 709.86 709.31 708.75 708.20
7.00 711.92 711.34 710.76 710.19 709.62 643.00 4749.97 4670.36 4591.42 4514.50 4438.22
7.25 710.32 709.73 709.14 708.55 707.96
7.50 712.51 711.90 711.29 710.68 710.08
7.75 714.68 714.05 713.42 712.79 712.17
8.00 716.78 716.13 715.48 714.83 714.19 577.00 19538.45 19357.16 19176.71 18997.11 18821.10
8.25 715.01 714.34 713.68 713.01 712.35
8.50 716.99 716.31 715.62 714.94 714.26
8.75 718.95 718.24 717.54 716.83 716.13
9.00 720.87 720.14 719.42 718.69 717.97 601.00 14368.82 14194.34 14023.30 13850.94 13681.98
9.25 719.00 718.25 717.51 716.77 716.03
9.50 721.22 720.46 719.70 718.94 718.18
9.75 723.75 722.96 722.18 721.40 720.63
10.00 726.58 725.78 724.98 724.18 723.38 1013.00 82036.42 82495.33 82955.52 83416.99 83879.74
10.25 725.77 724.95 724.14 723.33 722.52
10.50 728.57 727.74 726.90 726.07 725.24
10.75 731.11 730.25 729.39 728.54 727.69
11.00 733.33 732.45 731.57 730.70 729.83 507.00 51225.27 50827.70 50431.68 50041.69 49653.21
11.25 731.39 730.49 729.60 728.71 727.82
11.50 733.26 732.35 731.43 730.52 729.61
11.75 735.11 734.17 733.24 732.30 731.37
12.00 736.95 735.99 735.03 734.08 733.13 495.00 58539.80 58076.18 57614.40 57159.25 56705.90
12.25 734.93 733.96 732.98 732.01 731.04
12.50 737.02 736.02 735.03 734.04 733.05
12.75 739.35 738.33 737.31 736.30 735.29
13.00 741.91 740.88 739.84 738.81 737.78 849.00 11468.27 11689.93 11915.91 12141.84 12369.89
13.25 740.73 739.68 738.63 737.58 736.54
13.50 743.36 742.29 741.22 740.15 739.09
13.75 745.87 744.77 743.68 742.60 741.51
14.00 748.23 747.11 746.00 744.89 743.79 385.00 131936.03 131123.65 130321.00 129520.81 128730.26
14.25 746.48 745.35 744.22 743.10 741.98
14.50 748.59 747.43 746.28 745.14 744.00
14.75 750.60 749.42 748.25 747.09 745.92
15.00 752.51 751.31 750.12 748.93 747.75 453.00 89706.24 88988.86 88280.29 87574.56 86877.56
15.25 750.38 749.17 747.96 746.76 745.56
15.50 752.36 751.13 749.90 748.68 747.46
15.75 754.50 753.24 751.99 750.75 749.51
16.00 756.80 755.53 754.26 752.99 751.73 457.00 89880.04 89120.16 88363.51 87610.08 86865.77
16.25 755.25 753.96 752.68 751.40 750.12
16.50 757.72 756.41 755.10 753.81 752.51
16.75 760.21 758.88 757.56 756.24 754.92
17.00 762.72 761.37 760.02 758.68 757.35 715.00 2277.20 2150.18 2026.80 1907.94 1793.52
17.25 761.16 759.80 758.44 757.09 755.74
17.50 763.50 762.11 760.73 759.35 757.98
17.75 765.67 764.27 762.86 761.47 760.08
18.00 767.68 766.25 764.83 763.41 761.99 647.00 14563.66 14220.56 13883.91 13551.29 13222.70
18.25 765.45 764.01 762.57 761.14 759.71
18.50 767.17 765.71 764.25 762.80 761.35
18.75 768.79 767.30 765.82 764.35 762.88
19.00 770.30 768.79 767.29 765.79 764.30 1197.00 182072.89 183363.80 184650.68 185942.06 187229.29
19.25 767.64 766.12 764.60 763.09 761.59
19.50 769.03 767.49 765.95 764.42 762.90
19.75 770.42 768.85 767.30 765.75 764.20
20.00 771.80 770.22 768.64 767.07 765.51 794.00 492.84 565.49 643.13 725.22 811.68
20.25 769.14 767.55 765.96 764.37 762.80
20.50 770.73 769.11 767.50 765.90 764.30
20.75 772.51 770.87 769.24 767.62 766.00
21.00 774.48 772.82 771.17 769.53 767.89 742.00 1054.95 949.87 850.89 757.90 670.29  
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21.25 772.52 770.85 769.19 767.53 765.89
21.50 774.69 773.00 771.32 769.65 767.98
21.75 776.90 775.19 773.48 771.79 770.10
22.00 779.13 777.40 775.67 773.96 772.25 1021.00 58501.10 59340.96 60186.81 61028.76 61876.56
22.25 777.26 775.52 773.78 772.06 770.34
22.50 779.60 777.84 776.08 774.33 772.59
22.75 782.04 780.25 778.47 776.70 774.94
23.00 784.57 782.76 780.96 779.17 777.39 842.00 3298.20 3509.38 3725.88 3947.61 4174.45
23.25 783.01 781.19 779.38 777.58 775.79
23.50 785.54 783.70 781.87 780.05 778.23
23.75 788.00 786.14 784.29 782.44 780.60
24.00 790.38 788.50 786.62 784.75 782.90 1087.00 87983.42 89102.25 90228.14 91355.06 92476.81
24.25 788.46 786.57 784.68 782.81 780.94
24.50 790.54 788.63 786.72 784.82 782.93
24.75 792.42 790.48 788.55 786.63 784.72
25.00 794.07 792.11 790.16 788.22 786.29 913.00 14144.34 14614.39 15089.67 15570.05 16055.42
25.25 791.36 789.39 787.43 785.48 783.54
25.50 792.96 790.97 788.99 787.02 785.06
25.75 794.72 792.70 790.70 788.71 786.73
26.00 796.64 794.61 792.59 790.58 788.58 892.00 9093.53 9484.81 9882.35 10286.02 10695.70
26.25 794.51 792.47 790.44 788.42 786.41
26.50 796.63 794.57 792.51 790.47 788.44
26.75 798.78 796.69 794.62 792.56 790.51
27.00 800.95 798.85 796.76 794.68 792.60 873.00 5191.20 5498.22 5812.54 6134.02 6464.16
27.25 798.91 796.80 794.70 792.61 790.52
27.50 801.12 798.99 796.86 794.75 792.65
27.75 803.34 801.18 799.04 796.91 794.78
28.00 805.56 803.39 801.22 799.07 796.92 912.00 11329.47 11796.13 12272.21 12753.18 13243.41
28.25 803.55 801.37 799.20 797.03 794.88
28.50 805.97 803.76 801.57 799.38 797.21
28.75 808.57 806.34 804.12 801.92 799.72
29.00 811.35 809.10 806.87 804.64 802.43 715.00 9283.32 8854.81 8440.10 8035.33 7644.00
29.25 809.97 807.71 805.47 803.23 801.01
29.50 812.75 810.47 808.20 805.94 803.70
29.75 815.38 813.08 810.79 808.51 806.24
30.00 817.84 815.51 813.20 810.90 808.61 775.00 1835.27 1641.06 1459.24 1288.81 1129.63
30.25 815.83 813.49 811.17 808.86 806.56
30.50 818.18 815.83 813.49 811.15 808.83
30.75 820.62 818.24 815.88 813.52 811.18
31.00 823.14 820.74 818.36 815.98 813.62 677.00 21356.90 20661.19 19982.65 19315.44 18665.02
31.25 821.37 818.97 816.57 814.19 811.82
31.50 823.94 821.51 819.10 816.69 814.30
31.75 826.47 824.02 821.59 819.16 816.75
32.00 828.95 826.48 824.02 821.57 819.14 1036.00 42869.70 43898.63 44935.52 45980.22 47028.26
32.25 826.97 824.49 822.02 819.57 817.12
32.50 829.27 826.77 824.28 821.80 819.34
32.75 831.50 828.98 826.47 823.97 821.48
Final 833.67 831.13 828.60 826.08 823.57 735.00 9735.77 9240.98 8760.96 8295.57 7844.64
SSE 1.24E+06 1.24E+06 1.24E+06 1.24E+06 1.24E+06
n = 34
Mean = 759.62 193.8066 193.8898 193.9864 194.0929 194.2112
0.2551 0.2552 0.2554 0.2555 0.2557  
Table 1-5-a. SSE for 5 f_BF VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
f_BF @ (rot/mL) f_BF @
Time (Day) 0.010 0.030 0.050 0.070 0.090 DATASET#1 0.01 0.03 0.05 0.07 0.09
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 712.07 711.60 711.14 710.68 710.22
0.50 711.41 710.13 708.83 707.54 706.25
0.75 713.40 711.19 708.95 706.70 704.49
1.00 716.84 713.70 710.49 707.28 704.13 543.00 30220.35 29138.49 28052.90 26987.92 25962.88
1.25 717.39 713.30 709.08 704.88 700.81
1.50 721.94 716.74 711.37 706.05 700.93
1.75 726.60 720.16 713.49 706.94 700.68
2.00 731.34 723.50 715.39 707.48 700.02 939.00 43122.68 46440.25 50001.43 53601.51 57111.44
2.25 732.23 722.87 713.21 703.89 695.20
2.50 736.94 725.84 714.44 703.58 693.56
2.75 741.60 728.57 715.29 702.81 691.40  
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3.00 746.20 731.05 715.75 701.57 688.74 980.00 54662.44 61976.10 69828.06 77523.26 84832.39
3.25 746.73 729.43 712.18 696.39 682.25
3.50 751.41 731.91 712.69 695.33 679.89
3.75 756.31 734.64 713.56 694.70 678.04
4.00 761.42 737.64 714.79 694.52 676.69 548.00 45548.10 35963.33 27818.90 21468.11 16561.12
4.25 762.71 736.97 712.52 690.99 672.11
4.50 768.06 740.20 714.00 691.08 671.05
4.75 773.45 743.40 715.43 691.09 669.89
5.00 778.87 746.56 716.77 690.98 668.60 652.00 16096.00 8941.59 4195.15 1519.44 275.56
5.25 780.20 745.67 714.14 686.99 663.50
5.50 785.49 748.35 714.77 686.03 661.26
5.75 790.62 750.61 714.83 684.40 658.30
6.00 795.55 752.40 714.24 682.04 654.57 891.00 9110.70 19209.96 31244.10 43664.28 55899.14
6.25 795.98 749.82 709.51 675.78 647.16
6.50 800.91 751.70 709.26 674.02 644.26
6.75 806.18 754.18 709.86 673.29 642.49
7.00 811.82 757.32 711.34 673.56 641.80 643.00 28500.19 13069.06 4670.36 933.91 1.44
7.25 813.57 757.03 709.73 670.98 638.46
7.50 819.63 760.77 711.90 671.97 638.49
7.75 825.70 764.51 714.05 672.89 638.42
8.00 831.78 768.23 716.13 673.71 638.23 577.00 64912.85 36568.91 19357.16 9352.82 3749.11
8.25 833.45 767.84 714.34 670.87 634.57
8.50 839.53 771.50 716.31 671.55 634.23
8.75 845.64 775.15 718.24 672.19 633.85
9.00 851.79 778.80 720.14 672.78 633.42 601.00 62895.62 31612.84 14194.34 5152.37 1051.06
9.25 853.40 778.32 718.25 669.86 629.71
9.50 859.70 782.20 720.46 670.82 629.71
9.75 866.18 786.33 722.96 672.12 630.06
10.00 872.87 790.73 725.78 673.75 630.77 1013.00 19636.42 49403.95 82495.33 115090.56 146099.77
10.25 875.17 791.16 724.95 672.01 628.32
10.50 882.01 795.61 727.74 673.55 628.89
10.75 888.78 799.86 730.25 674.77 629.11
11.00 895.47 803.90 732.45 675.63 628.94 507.00 150908.94 88149.61 50827.70 28436.08 14869.36
11.25 897.28 803.44 730.49 672.61 625.15
11.50 903.85 807.18 732.35 673.12 624.65
11.75 910.45 810.91 734.17 673.61 624.15
12.00 917.09 814.62 735.99 674.11 623.66 495.00 178159.97 102156.94 58076.18 32080.39 16553.40
12.25 918.86 814.03 733.96 671.11 619.96
12.50 925.62 817.92 736.02 671.91 619.83
12.75 932.52 822.00 738.33 672.97 619.96
13.00 939.59 826.29 740.88 674.30 620.36 849.00 8206.55 515.74 11689.93 30520.09 52276.25
13.25 941.86 826.38 739.68 672.22 617.65
13.50 949.07 830.77 742.29 673.58 618.06
13.75 956.26 835.07 744.77 674.79 618.32
14.00 963.43 839.26 747.11 675.83 618.40 385.00 334581.26 206352.15 131123.65 84582.09 54475.56
14.25 965.44 838.89 745.35 673.14 615.05
14.50 972.53 842.88 747.43 673.91 614.87
14.75 979.62 846.79 749.42 674.59 614.60
15.00 986.70 850.62 751.31 675.17 614.23 453.00 284835.69 158101.66 88988.86 49359.51 25995.11
15.25 988.50 849.88 749.17 672.14 610.59
15.50 995.61 853.74 751.13 672.83 610.36
15.75 1002.83 857.73 753.24 673.68 610.31
16.00 1010.18 861.87 755.53 674.72 610.45 457.00 306008.11 163919.72 89120.16 47402.00 23546.90
16.25 1012.29 861.59 753.96 672.33 607.49
16.50 1019.79 865.89 756.41 673.53 607.78
16.75 1027.33 870.22 758.88 674.75 608.08
17.00 1034.93 874.58 761.37 675.97 608.39 715.00 102355.20 25465.78 2150.18 1523.34 11365.69
17.25 1037.09 874.30 759.80 673.58 605.44
17.50 1044.67 878.54 762.11 674.60 605.54
17.75 1052.20 882.64 764.27 675.46 605.48
18.00 1059.67 886.60 766.25 676.15 605.25 647.00 170296.53 57408.16 14220.56 849.72 1743.06
18.25 1061.44 885.71 764.01 673.10 601.67
18.50 1068.76 889.39 765.71 673.51 601.19
18.75 1076.05 892.97 767.30 673.83 600.63
19.00 1083.29 896.45 768.79 674.05 599.97 1197.00 12929.96 90330.30 183363.80 273476.70 356444.82
19.25 1084.73 895.08 766.12 670.63 596.08
19.50 1091.87 898.41 767.49 670.77 595.37





20.00 1106.17 905.03 770.22 671.05 593.97 794.00 97450.11 12327.66 565.49 15116.70 40012.00
20.25 1107.43 903.54 767.55 667.70 590.20
20.50 1114.64 907.00 769.11 668.08 589.74
20.75 1121.98 910.62 770.87 668.64 589.47
21.00 1129.46 914.44 772.82 669.39 589.39 742.00 150125.25 29735.55 949.87 5272.21 23289.81
21.25 1131.11 913.59 770.85 666.76 586.33
21.50 1138.76 917.62 773.00 667.69 586.41
21.75 1146.47 921.70 775.19 668.65 586.52
22.00 1154.23 925.81 777.40 669.62 586.63 1021.00 17750.23 9061.14 59340.96 123467.90 188677.30
22.25 1155.91 925.06 775.52 667.08 583.67
22.50 1163.78 929.30 777.84 668.16 583.89
22.75 1171.76 933.64 780.25 669.33 584.20
23.00 1179.85 938.09 782.76 670.59 584.60 842.00 114142.62 9233.29 3509.38 29381.39 66254.76
23.25 1181.80 937.65 781.19 668.35 581.95
23.50 1189.98 942.13 783.70 669.60 582.32
23.75 1198.16 946.56 786.14 670.76 582.61
24.00 1206.32 950.92 788.50 671.85 582.83 1087.00 14237.26 18517.77 89102.25 172349.52 254187.39
24.25 1208.05 950.15 786.57 669.27 579.86
24.50 1216.04 954.22 788.63 670.06 579.81
24.75 1223.92 958.10 790.48 670.67 579.57
25.00 1231.65 961.76 792.11 671.06 579.15 913.00 101537.82 2377.54 14614.39 58534.96 111455.82
25.25 1232.65 960.12 789.39 667.79 575.57
25.50 1240.22 963.65 790.97 668.18 575.18
25.75 1247.89 967.31 792.70 668.74 574.95
26.00 1255.68 971.13 794.61 669.47 574.89 892.00 132263.14 6261.56 9484.81 49519.60 100558.75
26.25 1256.95 969.96 792.47 666.80 571.92
26.50 1264.86 973.97 794.57 667.70 572.02
26.75 1272.81 978.01 796.69 668.63 572.13
27.00 1280.79 982.10 798.85 669.58 572.27 873.00 166292.68 11902.81 5498.22 41379.70 90438.53
27.25 1282.00 981.00 796.80 667.00 569.39
27.50 1289.99 985.12 798.99 667.97 569.55
27.75 1298.01 989.27 801.18 668.95 569.71
28.00 1306.06 993.42 803.39 669.94 569.87 912.00 155283.28 6629.22 11796.13 58593.04 117052.94
28.25 1307.19 992.35 801.37 667.41 567.07
28.50 1315.38 996.70 803.76 668.58 567.42
28.75 1323.76 1001.24 806.34 669.92 567.92
29.00 1332.36 1005.99 809.10 671.43 568.58 715.00 381133.37 84675.18 8854.81 1898.34 21438.82
29.25 1334.10 1005.58 807.71 669.49 566.32
29.50 1342.80 1010.38 810.47 670.96 566.93
29.75 1351.41 1015.04 813.08 672.29 567.40
30.00 1359.89 1019.53 815.51 673.45 567.72 775.00 342096.31 59794.92 1641.06 10312.40 42965.00
30.25 1361.00 1018.46 813.49 670.93 564.94
30.50 1369.34 1022.83 815.83 672.02 565.21
30.75 1377.77 1027.27 818.24 673.19 565.56
31.00 1386.28 1031.79 820.74 674.44 565.99 677.00 503078.12 125875.94 20661.19 6.55 12323.22
31.25 1387.53 1030.93 818.97 672.19 563.47
31.50 1396.10 1035.51 821.51 673.47 563.93
31.75 1404.67 1040.07 824.02 674.72 564.34
32.00 1413.20 1044.58 826.48 675.92 564.70 1036.00 142279.84 73.62 43898.63 129657.61 222123.69
32.25 1414.19 1043.48 824.49 673.47 562.02
32.50 1422.52 1047.79 826.77 674.51 562.26
32.75 1430.72 1052.00 828.98 675.50 562.45
Final 1438.80 1056.12 831.13 676.45 562.62 735.00 495334.44 103118.05 9240.98 3428.10 29714.86
SSE 4.74E+06 1.70E+06 1.24E+06 1.60E+06 2.27E+06
n = 34
Mean = 759.62 378.8336 227.2569 193.8898 220.3607 262.2344








Further Calibration with Dataset #1 
 
 
Table 1-1-b. SSE for 5 b_R VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_R @ (rot/mL) b_R @
Time (Day) 0.010 0.020 0.030 0.040 0.050 DATASET#1 0.010 0.020 0.030 0.040 0.050
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 722.05 720.25 718.45 716.66 714.87
0.50 730.07 726.44 722.83 719.23 715.66
0.75 740.56 735.06 729.59 724.17 718.79
1.00 752.72 745.28 737.91 730.61 723.39 543.00 43982.48 40917.20 37989.91 35197.51 32540.55
1.25 761.89 752.50 743.22 734.06 725.01
1.50 775.08 763.65 752.39 741.29 730.36
1.75 788.16 774.64 761.36 748.30 735.46
2.00 800.99 785.36 770.02 754.98 740.23 939.00 19046.76 23605.25 28554.24 33863.36 39509.51
2.25 809.17 791.49 774.18 757.24 740.67
2.50 821.08 801.25 781.88 762.97 744.51
2.75 832.41 810.43 789.02 768.15 747.82
3.00 843.07 818.97 795.53 772.73 750.56 980.00 18749.82 25930.66 34029.18 42960.85 52642.71
3.25 848.83 822.75 797.43 772.85 748.98
3.50 859.57 831.34 803.98 777.46 751.77
3.75 870.99 840.55 811.09 782.60 755.04
4.00 883.17 850.44 818.82 788.29 758.82 548.00 112338.93 91469.95 73343.47 57739.28 44445.07
4.25 891.23 856.32 822.66 790.22 758.97
4.50 904.02 866.72 830.83 796.30 763.10
4.75 916.75 877.06 838.92 802.30 767.15
5.00 929.34 887.24 846.86 808.15 771.06 652.00 76917.48 55337.86 37970.42 24382.82 14175.28
5.25 936.52 892.29 849.93 809.37 770.57
5.50 947.45 900.99 856.52 814.01 773.39
5.75 956.86 908.34 861.94 817.61 775.30
6.00 964.41 914.10 865.97 820.00 776.15 891.00 5389.03 533.61 626.50 5041.00 13190.52
6.25 965.89 914.16 864.68 817.42 772.36
6.50 974.26 920.63 869.34 820.40 773.75
6.75 984.99 929.13 875.78 824.91 776.50
7.00 998.10 939.70 884.00 830.98 780.60 643.00 126096.01 88030.89 58081.00 35336.48 18933.76
7.25 1007.61 946.76 888.82 833.77 781.55
7.50 1022.69 959.01 898.49 841.07 786.72
7.75 1037.81 971.28 908.15 848.36 791.86
8.00 1052.81 983.44 917.71 855.54 796.89 577.00 226395.16 165193.47 116083.30 77584.53 48351.61
8.25 1062.01 990.21 922.24 858.05 797.58
8.50 1076.69 1002.10 931.56 865.02 802.43
8.75 1091.28 1013.92 940.81 871.93 807.22
9.00 1105.76 1025.64 949.98 878.76 811.94 601.00 254782.66 180319.13 121787.04 77150.62 44495.68
9.25 1114.47 1032.01 954.18 881.00 812.41
9.50 1129.93 1044.54 964.03 888.40 817.60
9.75 1146.42 1057.93 974.58 896.37 823.28
10.00 1164.00 1072.22 985.86 904.94 829.44 1013.00 22801.00 3507.01 736.58 11676.96 33694.27
10.25 1176.06 1081.34 992.34 909.08 831.50
10.50 1193.72 1095.68 1003.64 917.64 837.63
10.75 1210.48 1109.29 1014.34 925.70 843.33
11.00 1225.98 1121.91 1024.26 933.13 848.52 507.00 516932.24 378114.31 267557.91 181586.78 116635.91
11.25 1233.75 1127.63 1028.00 935.02 848.73
11.50 1247.58 1138.97 1036.92 941.67 853.30
11.75 1261.22 1150.16 1045.74 948.25 857.81
12.00 1274.76 1161.29 1054.52 954.79 862.30 495.00 608025.66 443942.36 313062.63 211406.84 134909.29
12.25 1281.73 1166.41 1057.83 956.38 862.31
12.50 1296.38 1178.41 1067.29 963.47 867.24
12.75 1312.10 1191.27 1077.43 971.10 872.59
13.00 1328.95 1205.01 1088.27 979.26 878.36 849.00 230352.00 126743.12 57250.13 16967.67 862.01
13.25 1339.44 1212.93 1093.78 982.60 879.76
13.50 1356.60 1226.95 1104.85 990.94 885.66
13.75 1373.07 1240.48 1115.56 999.01 891.34
14.00 1388.64 1253.36 1125.79 1006.72 896.75 385.00 1007293.25 754049.09 548769.82 386535.76 261888.06  
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14.25 1395.89 1258.89 1129.53 1008.72 897.13
14.50 1409.78 1270.52 1138.86 1015.77 902.05
14.75 1422.95 1281.63 1147.80 1022.56 906.77
15.00 1435.40 1292.20 1156.36 1029.06 911.29 453.00 965109.76 704256.64 494715.29 331845.12 210029.72
15.25 1439.91 1295.64 1158.59 1029.97 910.89
15.50 1452.69 1306.44 1167.32 1036.62 915.53
15.75 1466.37 1317.92 1176.57 1043.66 920.47
16.00 1481.02 1330.15 1186.39 1051.13 925.73 457.00 1048616.96 762390.92 532009.77 352990.46 219707.81
16.25 1488.53 1335.90 1190.37 1053.36 926.34
16.50 1504.03 1348.84 1200.75 1061.26 931.92
16.75 1519.52 1361.81 1211.18 1069.21 937.54
17.00 1534.92 1374.75 1221.62 1077.17 943.18 715.00 672268.81 435270.06 256663.82 131167.11 52066.11
17.25 1541.78 1380.13 1225.40 1079.32 943.76
17.50 1555.69 1392.01 1235.11 1086.78 949.04
17.75 1568.27 1402.92 1244.13 1093.77 954.00
18.00 1579.38 1412.73 1252.38 1100.23 958.58 647.00 869332.46 586342.43 366484.94 205417.43 97082.10
18.25 1580.77 1414.01 1253.24 1100.33 957.73
18.50 1589.56 1422.01 1260.16 1105.87 961.68
18.75 1597.44 1429.28 1266.55 1111.03 965.39
19.00 1604.39 1435.82 1272.39 1115.82 968.85 1197.00 165966.61 57034.99 5683.65 6590.19 52052.42
19.25 1602.22 1434.22 1271.08 1114.40 966.97
19.50 1608.40 1440.07 1276.38 1118.79 970.16
19.75 1614.50 1445.84 1281.60 1123.14 973.32
20.00 1620.51 1451.55 1286.78 1127.45 976.47 794.00 683118.78 432372.00 242832.13 111188.90 33295.30
20.25 1618.37 1449.85 1285.33 1125.92 974.54
20.50 1626.08 1456.81 1291.40 1130.86 978.12
20.75 1635.16 1464.84 1298.27 1136.37 982.12
21.00 1645.59 1473.95 1305.95 1142.47 986.53 742.00 816474.89 535750.80 318039.60 160376.22 59794.92
21.25 1648.31 1476.06 1307.34 1142.99 986.04
21.50 1659.93 1486.17 1315.81 1149.68 990.88
21.75 1671.52 1496.30 1324.35 1156.45 995.78
22.00 1683.00 1506.38 1332.88 1163.24 1000.70 1021.00 438244.00 235593.74 97269.13 20232.22 412.09
22.25 1685.67 1508.56 1334.42 1163.92 1000.38
22.50 1697.79 1519.13 1343.32 1170.99 1005.51
22.75 1710.48 1530.15 1352.57 1178.32 1010.84
23.00 1723.75 1541.63 1362.18 1185.92 1016.37 842.00 777483.06 489482.14 270587.23 118280.97 30404.90
23.25 1728.11 1545.15 1364.75 1187.38 1016.62
23.50 1740.96 1556.38 1374.23 1194.92 1022.12
23.75 1752.91 1566.97 1383.27 1202.19 1027.44
24.00 1763.87 1576.80 1391.79 1209.12 1032.56 1087.00 458153.00 239904.04 92896.94 14913.29 2963.71
24.25 1764.26 1577.32 1392.26 1209.20 1031.92
24.50 1772.19 1584.81 1399.09 1214.98 1036.30
24.75 1778.11 1590.69 1404.74 1219.97 1040.16
25.00 1781.95 1594.87 1409.10 1224.08 1043.46 913.00 755074.10 464946.70 246115.21 96770.77 17019.81
25.25 1775.48 1589.76 1405.28 1221.15 1040.86
25.50 1779.79 1594.04 1409.50 1225.06 1044.01
25.75 1785.70 1599.56 1414.62 1229.56 1047.53
26.00 1793.21 1606.36 1420.68 1234.71 1051.49 892.00 812179.46 510310.21 279502.54 117450.14 25437.06
26.25 1792.41 1605.62 1419.96 1233.86 1050.24
26.50 1801.34 1613.62 1426.99 1239.71 1054.67
26.75 1810.29 1621.68 1434.09 1245.64 1059.17
27.00 1819.20 1629.74 1441.22 1251.62 1063.71 873.00 895294.44 572655.43 322873.97 143353.10 36370.30
27.25 1818.49 1629.18 1440.73 1251.00 1062.65
27.50 1827.35 1637.20 1447.86 1257.00 1067.23
27.75 1836.06 1645.12 1454.92 1262.97 1071.81
28.00 1844.61 1652.91 1461.90 1268.90 1076.38 912.00 869761.41 548947.63 302390.01 127377.61 27020.78
28.25 1843.80 1652.23 1461.32 1268.23 1075.32
28.50 1854.21 1661.41 1469.28 1274.83 1080.33
28.75 1866.17 1671.82 1478.15 1282.07 1085.77
29.00 1879.68 1683.46 1487.96 1289.97 1091.65 715.00 1356479.50 937914.77 597467.16 330590.50 141865.22
29.25 1883.88 1686.76 1490.36 1291.40 1092.01
29.50 1896.66 1698.00 1499.98 1299.24 1097.87
29.75 1907.53 1707.81 1508.62 1306.43 1103.34






30.25 1913.74 1714.00 1514.65 1311.74 1107.08
30.50 1921.83 1721.43 1521.43 1317.66 1111.76
30.75 1930.68 1729.41 1528.59 1323.83 1116.61
31.00 1940.31 1738.02 1536.20 1330.31 1121.66 677.00 1595952.16 1125763.44 738224.64 426813.96 197722.52
31.25 1940.15 1737.82 1535.99 1329.97 1120.93
31.50 1949.87 1746.56 1543.74 1336.57 1126.07
31.75 1958.92 1754.76 1551.12 1342.93 1131.08
32.00 1967.24 1762.35 1558.02 1348.98 1135.90 1036.00 867207.94 527584.32 272504.88 97956.48 9980.01
32.25 1964.44 1759.98 1556.16 1347.51 1134.47
32.50 1971.39 1766.38 1562.09 1352.83 1138.82
32.75 1977.75 1772.30 1567.65 1357.89 1142.99
Final 1983.52 1777.77 1572.87 1362.72 1147.02 735.00 1558802.19 1087369.27 702026.14 394032.40 169760.48
SSE 2.02E+07 1.35E+07 8.38E+06 4.67E+06 2.35E+06
n = 34
Mean = 759.62 781.9403 640.0054 504.0236 376.3489 266.8769




Table 1-2-b. SSE for 5 Y_Rot VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
Y @ (rot/mL) Y @
Time (Day) 1667.000 1717.000 1767.000 1817.000 1867.000 DATASET#1 1667.00 1717.00 1767.00 1817.00 1867.00
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 714.65 714.77 714.87 714.98 715.07
0.50 715.16 715.42 715.66 715.88 716.10
0.75 718.04 718.43 718.79 719.12 719.44
1.00 722.44 722.93 723.39 723.82 724.22 543.00 32198.71 32374.80 32540.55 32695.87 32840.69
1.25 723.88 724.47 725.01 725.52 725.99
1.50 729.04 729.72 730.36 730.95 731.50
1.75 733.93 734.72 735.46 736.14 736.78
2.00 738.47 739.39 740.23 741.02 741.75 939.00 40212.28 39844.15 39509.51 39196.08 38907.56
2.25 738.66 739.70 740.67 741.57 742.41
2.50 742.20 743.40 744.51 745.54 746.50
2.75 745.17 746.54 747.82 749.00 750.10
3.00 747.52 749.10 750.56 751.91 753.17 980.00 54046.95 53314.81 52642.71 52025.05 51451.85
3.25 745.57 747.34 748.98 750.51 751.92
3.50 747.97 749.94 751.77 753.47 755.04
3.75 750.88 753.04 755.04 756.89 758.62
4.00 754.34 756.67 758.82 760.83 762.69 548.00 42576.20 43543.17 44445.07 45296.61 46091.80
4.25 754.20 756.68 758.97 761.10 763.08
4.50 758.03 760.66 763.10 765.37 767.48
4.75 761.76 764.56 767.15 769.56 771.80
5.00 765.35 768.31 771.06 773.61 775.99 652.00 12848.22 13528.02 14175.28 14788.99 15373.52
5.25 764.54 767.67 770.57 773.27 775.78
5.50 766.98 770.30 773.39 776.26 778.94
5.75 768.44 771.99 775.30 778.37 781.24
6.00 768.77 772.60 776.15 779.46 782.54 891.00 14940.17 14018.56 13190.52 12441.17 11763.57
6.25 764.49 768.57 772.36 775.89 779.19
6.50 765.42 769.74 773.75 777.50 781.00
6.75 767.77 772.29 776.50 780.43 784.09
7.00 771.56 776.24 780.60 784.67 788.48 643.00 16527.67 17752.90 18933.76 20070.39 21164.43
7.25 772.28 777.08 781.55 785.73 789.64
7.50 777.17 782.11 786.72 791.02 795.05
7.75 782.04 787.12 791.86 796.28 800.43
8.00 786.79 792.02 796.89 801.45 805.72 577.00 44011.84 46233.60 48351.61 50377.80 52312.84
8.25 787.25 792.59 797.58 802.25 806.62
8.50 791.80 797.29 802.43 807.23 811.73
8.75 796.29 801.94 807.22 812.16 816.79






9.25 800.92 806.86 812.41 817.61 822.49
9.50 805.82 811.91 817.60 822.94 827.95
9.75 811.21 817.44 823.28 828.75 833.88
10.00 817.10 823.47 829.44 835.03 840.28 1013.00 38376.81 35921.62 33694.27 31673.32 29832.20
10.25 818.96 825.43 831.50 837.19 842.53
10.50 824.81 831.43 837.63 843.45 848.91
10.75 830.22 836.99 843.33 849.29 854.88
11.00 835.09 842.02 848.52 854.62 860.36 507.00 107643.05 112238.40 116635.91 120839.66 124863.29
11.25 835.03 842.10 848.73 854.96 860.81
11.50 839.25 846.50 853.30 859.69 865.70
11.75 843.41 850.84 857.81 864.37 870.53
12.00 847.54 855.15 862.30 869.03 875.36 495.00 124284.45 129708.02 134909.29 139898.44 144673.73
12.25 847.27 855.02 862.31 869.16 875.62
12.50 851.86 859.79 867.24 874.26 880.87
12.75 856.87 864.97 872.59 879.76 886.52
13.00 862.31 870.58 878.36 885.69 892.60 849.00 177.16 465.70 862.01 1346.16 1900.96
13.25 863.48 871.86 879.76 887.20 894.22
13.50 869.05 877.60 885.66 893.25 900.41
13.75 874.40 883.12 891.34 899.09 906.40
14.00 879.46 888.36 896.75 904.67 912.14 385.00 244490.69 253371.29 261888.06 270056.91 277876.58
14.25 879.57 888.61 897.13 905.17 912.76
14.50 884.12 893.35 902.05 910.26 918.02
14.75 888.47 897.88 906.77 915.16 923.10
15.00 892.60 902.22 911.29 919.87 927.98 453.00 193248.16 201798.61 210029.72 217967.60 225606.00
15.25 891.90 901.67 910.89 919.60 927.85
15.50 896.16 906.12 915.53 924.43 932.85
15.75 900.71 910.87 920.47 929.55 938.14
16.00 905.60 915.94 925.73 934.99 943.75 457.00 201241.96 210625.92 219707.81 228474.44 236925.56
16.25 905.95 916.43 926.34 935.73 944.62
16.50 911.17 921.83 931.92 941.48 950.54
16.75 916.42 927.27 937.54 947.28 956.51
17.00 921.68 932.72 943.18 953.10 962.50 715.00 42716.62 47402.00 52066.11 56691.61 61256.25
17.25 921.99 933.17 943.76 953.80 963.32
17.50 926.89 938.26 949.04 959.26 968.96
17.75 931.45 943.02 954.00 964.41 974.29
18.00 935.63 947.41 958.58 969.19 979.27 647.00 83307.28 90246.17 97082.10 103806.40 110403.35
18.25 934.48 946.41 957.73 968.48 978.70
18.50 938.01 950.15 961.68 972.64 983.06
18.75 941.28 953.64 965.39 976.56 987.18
19.00 944.30 956.88 968.85 980.23 991.05 1197.00 63857.29 57657.61 52052.42 46989.23 42415.40
19.25 942.11 954.85 966.97 978.50 989.48
19.50 944.86 957.82 970.16 981.90 993.09
19.75 947.58 960.76 973.32 985.28 996.68
20.00 950.29 963.69 976.47 988.64 1000.25 794.00 24426.56 28794.70 33295.30 37884.73 42539.06
20.25 948.06 961.61 974.54 986.86 998.61
20.50 951.23 964.99 978.12 990.65 1002.61
20.75 954.80 968.78 982.12 994.85 1007.01
21.00 958.80 972.98 986.53 999.46 1011.81 742.00 47002.24 53351.76 59794.92 66285.65 72797.44
21.25 958.06 972.37 986.04 999.11 1011.59
21.50 962.49 977.01 990.88 1004.14 1016.82
21.75 966.98 981.70 995.78 1009.23 1022.10
22.00 971.50 986.43 1000.70 1014.36 1027.42 1021.00 2450.25 1195.08 412.09 44.09 41.22
22.25 970.93 985.98 1000.38 1014.16 1027.35
22.50 975.66 990.91 1005.51 1019.49 1032.88
22.75 980.58 996.04 1010.84 1025.02 1038.60
23.00 985.70 1001.36 1016.37 1030.74 1044.51 842.00 20649.69 25395.61 30404.90 35622.79 41010.30
23.25 985.70 1001.49 1016.62 1031.11 1045.01
23.50 990.80 1006.79 1022.12 1036.81 1050.90
23.75 995.71 1011.91 1027.44 1042.34 1056.63
24.00 1000.41 1016.82 1032.56 1047.66 1062.15 1087.00 7497.83 4925.23 2963.71 1547.64 617.52
24.25 999.53 1016.06 1031.92 1047.15 1061.76
24.50 1003.48 1020.22 1036.30 1051.73 1066.55
24.75 1006.92 1023.88 1040.16 1055.81 1070.84





25.25 1006.93 1024.23 1040.86 1056.85 1072.23
25.50 1009.65 1027.16 1044.01 1060.21 1075.80
25.75 1012.76 1030.48 1047.53 1063.95 1079.75
26.00 1016.30 1034.23 1051.49 1068.12 1084.12 892.00 15450.49 20229.37 25437.06 31018.25 36910.09
26.25 1014.82 1032.86 1050.24 1066.98 1083.11
26.50 1018.83 1037.08 1054.67 1071.62 1087.94
26.75 1022.92 1041.38 1059.17 1076.32 1092.85
27.00 1027.05 1045.71 1063.71 1081.07 1097.81 873.00 23731.40 29828.74 36370.30 43293.12 50539.54
27.25 1025.77 1044.54 1062.65 1080.13 1096.98
27.50 1029.94 1048.92 1067.23 1084.91 1101.97
27.75 1034.11 1053.29 1071.81 1089.70 1106.96
28.00 1038.26 1057.65 1076.38 1094.47 1111.94 912.00 15941.59 21213.92 27020.78 33295.30 39976.00
28.25 1036.99 1056.49 1075.32 1093.52 1111.10
28.50 1041.59 1061.29 1080.33 1098.74 1116.52
28.75 1046.61 1066.52 1085.77 1104.38 1122.37
29.00 1052.07 1072.19 1091.65 1110.47 1128.67 715.00 113616.18 127584.70 141865.22 156396.52 171122.87
29.25 1052.21 1072.44 1092.01 1110.94 1129.25
29.50 1057.65 1078.09 1097.87 1117.01 1135.53
29.75 1062.70 1083.35 1103.34 1122.69 1141.41
30.00 1067.27 1088.13 1108.33 1127.89 1146.82 775.00 85421.75 98050.40 111108.89 124531.35 138250.11
30.25 1065.82 1086.78 1107.08 1126.75 1145.79
30.50 1070.08 1091.25 1111.76 1131.64 1150.89
30.75 1074.51 1095.89 1116.61 1136.70 1156.16
31.00 1079.14 1100.73 1121.66 1141.96 1161.63 677.00 161716.58 179547.11 197722.52 216187.80 234866.24
31.25 1078.21 1099.89 1120.93 1141.33 1161.10
31.50 1082.93 1104.82 1126.07 1146.68 1166.67
31.75 1087.52 1109.62 1131.08 1151.90 1172.10
32.00 1091.92 1114.23 1135.90 1156.93 1177.34 1036.00 3127.05 6119.93 9980.01 14624.06 19977.00
32.25 1090.31 1112.71 1134.47 1155.60 1176.12
32.50 1094.25 1116.85 1138.82 1160.16 1180.88
32.75 1098.01 1120.82 1142.99 1164.54 1185.47
Final 1101.64 1124.65 1147.02 1168.78 1189.91 735.00 134424.89 151827.12 169760.48 188165.09 206943.11
SSE 2.06E+06 2.20E+06 2.35E+06 2.50E+06 2.66E+06
n = 34
Mean = 759.62 249.9338 258.3942 266.8769 275.3298 283.7040





Table 1-3-b. SSE for 5 K_A VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
K_A @ (rot/mL) K_A @
Time (Day) 2.220 2.720 3.220 3.720 4.220 DATASET#1 2.22 2.72 3.22 3.72 4.22
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 717.62 716.03 714.65 713.43 712.34
0.50 720.15 717.49 715.16 713.07 711.19
0.75 724.71 721.17 718.04 715.23 712.69
1.00 730.56 726.26 722.44 719.00 715.87 543.00 35178.75 33584.23 32198.71 30976.00 29884.04
1.25 733.34 728.34 723.88 719.86 716.19
1.50 739.92 734.18 729.04 724.39 720.14
1.75 746.33 739.79 733.93 728.63 723.77
2.00 752.46 745.08 738.47 732.48 726.99 939.00 34797.17 37604.97 40212.28 42650.51 44948.24
2.25 754.24 746.02 738.66 731.97 725.85
2.50 759.54 750.39 742.20 734.76 727.96
2.75 764.34 754.23 745.17 736.95 729.43
3.00 768.61 757.48 747.52 738.50 730.26 980.00 44685.73 49515.15 54046.95 58322.25 62370.07
3.25 768.43 756.36 745.57 735.81 726.89
3.50 772.65 759.61 747.97 737.45 727.84
3.75 777.32 763.35 750.88 739.62 729.36
4.00 782.49 767.60 754.34 742.37 731.45 548.00 54985.56 48224.16 42576.20 37779.70 33653.90  
 220
 
4.25 783.90 768.19 754.20 741.58 730.09
4.50 789.45 772.82 758.03 744.69 732.55
4.75 794.93 777.37 761.76 747.70 734.91
5.00 800.27 781.77 765.35 750.56 737.11 652.00 21983.99 16840.25 12848.22 9714.07 7243.71
5.25 801.09 781.72 764.54 749.09 735.05
5.50 805.38 785.02 766.98 750.76 736.04
5.75 808.72 787.35 768.44 751.46 736.05
6.00 810.91 788.55 768.77 751.04 734.96 891.00 6414.41 10496.00 14940.17 19588.80 24348.48
6.25 808.13 784.95 764.49 746.15 729.53
6.50 810.72 786.65 765.42 746.40 729.18
6.75 814.73 789.77 767.77 748.09 730.28
7.00 820.14 794.31 771.56 751.21 732.81 643.00 31378.58 22894.72 16527.67 11709.40 8065.84
7.25 822.26 795.68 772.28 751.36 732.46
7.50 828.86 801.36 777.17 755.57 736.05
7.75 835.45 807.03 782.04 759.73 739.58
8.00 841.97 812.60 786.79 763.77 742.99 577.00 70209.10 55507.36 44011.84 34883.03 27552.68
8.25 843.90 813.73 787.25 763.63 742.33
8.50 850.23 819.11 791.80 767.47 745.53
8.75 856.50 824.42 796.29 771.23 748.65
9.00 862.71 829.66 800.70 774.93 751.71 601.00 68492.12 52285.40 39880.09 30251.64 22713.50
9.25 864.37 830.55 800.92 774.57 750.85
9.50 871.02 836.25 805.82 778.77 754.42
9.75 878.16 842.45 811.21 783.45 758.49
10.00 885.80 849.14 817.10 788.64 763.05 1013.00 16179.84 26850.10 38376.81 50337.41 62475.00
10.25 889.08 851.66 818.96 789.93 763.84
10.50 896.77 858.35 824.81 795.04 768.30
10.75 904.04 864.62 830.22 799.71 772.31
11.00 910.78 870.35 835.09 803.83 775.78 507.00 163038.29 132023.22 107643.05 88108.05 72242.69
11.25 912.16 870.95 835.03 803.21 774.66
11.50 918.18 876.00 839.25 806.71 777.53
11.75 924.12 880.98 843.41 810.16 780.35
12.00 930.03 885.93 847.54 813.58 783.16 495.00 189251.10 152826.26 124284.45 101493.22 83036.19
12.25 931.08 886.26 847.27 812.79 781.91
12.50 937.43 891.66 851.86 816.67 785.17
12.75 944.23 897.49 856.87 820.96 788.84
13.00 951.50 903.77 862.31 825.69 792.93 849.00 10506.25 2999.75 177.16 543.36 3143.84
13.25 954.05 905.58 863.48 826.30 793.07
13.50 961.51 912.01 869.05 831.13 797.24
13.75 968.75 918.23 874.40 835.73 801.19
14.00 975.68 924.15 879.46 840.05 804.86 385.00 348902.86 290682.72 244490.69 207070.50 176282.42
14.25 977.10 924.86 879.57 839.65 804.00
14.50 983.44 930.23 884.12 843.48 807.21
14.75 989.54 935.39 888.47 847.12 810.23
15.00 995.38 940.32 892.60 850.57 813.07 453.00 294176.06 237480.78 193248.16 158061.90 129650.40
15.25 995.81 940.14 891.90 849.42 811.52
15.50 1001.74 945.17 896.16 852.99 814.50
15.75 1008.00 950.52 900.71 856.86 817.76
16.00 1014.64 956.21 905.60 861.04 821.33 457.00 310962.37 249210.62 201241.96 163248.32 132736.35
16.25 1016.20 957.12 905.95 860.92 820.78
16.50 1023.23 963.17 911.17 865.40 824.64
16.75 1030.30 969.26 916.42 869.93 828.52
17.00 1037.38 975.37 921.68 874.47 832.42 715.00 103928.86 67792.54 42716.62 25430.68 13787.46
17.25 1038.89 976.23 921.99 874.30 831.84
17.50 1045.56 981.95 926.89 878.48 835.39
17.75 1051.82 987.30 931.45 882.35 838.65
18.00 1057.60 992.23 935.63 885.86 841.57 647.00 168592.36 119183.75 83307.28 57054.10 37857.48
18.25 1057.31 991.49 934.48 884.34 839.72
18.50 1062.25 995.69 938.01 887.26 842.09
18.75 1066.85 999.61 941.28 889.95 844.26
19.00 1071.11 1003.23 944.30 892.42 846.22 1197.00 15848.29 37546.81 63857.29 92768.98 123046.61
19.25 1069.41 1001.30 942.11 889.97 843.53
19.50 1073.28 1004.60 944.86 892.20 845.28
19.75 1077.11 1007.87 947.58 894.41 847.02




20.25 1079.07 1009.11 948.06 894.16 846.10
20.50 1083.41 1012.85 951.23 896.79 848.24
20.75 1088.26 1017.04 954.80 899.81 850.75
21.00 1093.64 1021.69 958.80 903.21 853.61 742.00 123650.69 78226.50 47002.24 25988.66 12456.79
21.25 1093.65 1021.32 958.06 902.14 852.25
21.50 1099.59 1026.46 962.49 905.94 855.48
21.75 1105.59 1031.67 966.98 909.79 858.76
22.00 1111.61 1036.90 971.50 913.67 862.06 1021.00 8210.17 252.81 2450.25 11519.73 25261.92
22.25 1111.78 1036.69 970.93 912.76 860.86
22.50 1118.04 1042.14 975.66 916.84 864.36
22.75 1124.52 1047.80 980.58 921.11 868.03
23.00 1131.23 1053.67 985.70 925.55 871.88 842.00 83653.99 44804.19 20649.69 6980.60 892.81
23.25 1132.08 1054.08 985.70 925.19 871.19
23.50 1138.76 1059.93 990.80 929.61 875.01
23.75 1145.21 1065.58 995.71 933.87 878.67
24.00 1151.36 1070.98 1000.41 937.93 882.16 1087.00 4142.21 256.64 7497.83 22221.86 41959.43
24.25 1151.02 1070.37 999.53 936.77 880.75
24.50 1156.16 1074.92 1003.48 940.16 883.62
24.75 1160.59 1078.87 1006.92 943.10 886.09
25.00 1164.20 1082.15 1009.78 945.53 888.10 913.00 63101.44 28611.72 9366.37 1058.20 620.01
25.25 1161.11 1079.26 1006.93 942.64 885.13
25.50 1164.48 1082.35 1009.65 944.96 887.07
25.75 1168.37 1085.87 1012.76 947.64 889.33
26.00 1172.85 1089.89 1016.30 950.71 891.94 892.00 78876.72 39160.45 15450.49 3446.86 0.00
26.25 1171.62 1088.57 1014.82 949.06 890.13
26.50 1176.75 1093.14 1018.83 952.54 893.11
26.75 1181.98 1097.79 1022.92 956.09 896.16
27.00 1187.24 1102.49 1027.05 959.68 899.25 873.00 98746.78 52665.66 23731.40 7513.42 689.06
27.25 1186.24 1101.38 1025.77 958.22 897.61
27.50 1191.52 1106.11 1029.94 961.85 900.73
27.75 1196.78 1110.83 1034.11 965.48 903.87
28.00 1202.00 1115.52 1038.26 969.11 907.00 912.00 84100.00 41420.39 15941.59 3261.55 25.00
28.25 1200.95 1114.39 1036.99 967.68 905.40
28.50 1206.72 1119.57 1041.59 971.71 908.92
28.75 1213.06 1125.24 1046.61 976.13 912.78
29.00 1219.97 1131.40 1052.07 980.95 917.01 715.00 254994.70 173388.96 113616.18 70729.40 40808.04
29.25 1220.76 1131.86 1052.21 980.80 916.58
29.50 1227.68 1138.02 1057.65 985.58 920.77
29.75 1234.05 1143.72 1062.70 990.01 924.63
30.00 1239.73 1148.86 1067.27 994.03 928.13 775.00 215973.97 139771.30 85421.75 47974.14 23448.80
30.25 1238.31 1147.47 1065.82 992.47 926.43
30.50 1243.49 1152.22 1070.08 996.23 929.72
30.75 1248.88 1157.15 1074.51 1000.16 933.16
31.00 1254.55 1162.32 1079.14 1004.26 936.76 677.00 333564.00 235535.50 161716.58 107099.11 67475.26
31.25 1253.77 1161.50 1078.21 1003.18 935.53
31.50 1259.55 1166.76 1082.93 1007.37 939.21
31.75 1265.10 1171.86 1087.52 1011.45 942.79
32.00 1270.36 1176.72 1091.92 1015.37 946.24 1036.00 54924.61 19802.12 3127.05 425.60 8056.86
32.25 1268.56 1175.08 1090.31 1013.71 944.51
32.50 1273.18 1179.41 1094.25 1017.22 947.59
32.75 1277.58 1183.54 1098.01 1020.59 950.54
Final 1281.78 1187.50 1101.64 1023.83 953.39 735.00 298968.37 204756.25 134424.89 83422.77 47694.19
SSE 3.77E+06 2.75E+06 2.061E+06 1.622E+06 1.37E+06
n = 34
Mean = 759.62 338.2097 288.6406 249.9338 221.7125 203.5612
0.4452 0.3800 0.3290 0.2919 0.2680  
Table 1-4-b. SSE for 5 b_A VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_A @ (rot/mL) b_A @
Time (Day) 0.020 0.030 0.040 0.050 0.060 DATASET#1 0.02 0.03 0.04 0.05 0.06
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 712.36 712.35 712.34 712.34 712.33
0.50 711.23 711.21 711.19 711.17 711.15
0.75 712.76 712.72 712.69 712.65 712.62
1.00 715.97 715.92 715.87 715.82 715.77 543.00 29918.62 29901.33 29884.04 29866.75 29849.47  
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1.25 716.33 716.26 716.19 716.13 716.06
1.50 720.31 720.22 720.14 720.06 719.97
1.75 723.98 723.88 723.77 723.67 723.56
2.00 727.24 727.12 726.99 726.86 726.74 939.00 44842.30 44893.13 44948.24 45003.38 45054.31
2.25 726.15 726.00 725.85 725.70 725.55
2.50 728.31 728.13 727.96 727.78 727.61
2.75 729.84 729.64 729.43 729.23 729.03
3.00 730.72 730.49 730.26 730.03 729.80 980.00 62140.52 62255.24 62370.07 62485.00 62600.04
3.25 727.40 727.14 726.89 726.63 726.38
3.50 728.41 728.12 727.84 727.56 727.28
3.75 729.97 729.66 729.36 729.05 728.75
4.00 732.11 731.78 731.45 731.13 730.80 548.00 33896.49 33775.09 33653.90 33536.60 33415.84
4.25 730.78 730.43 730.09 729.74 729.39
4.50 733.29 732.92 732.55 732.18 731.81
4.75 735.70 735.30 734.91 734.51 734.12
5.00 737.95 737.53 737.11 736.69 736.28 652.00 7387.40 7315.38 7243.71 7172.40 7103.12
5.25 735.93 735.49 735.05 734.61 734.17
5.50 736.98 736.51 736.04 735.58 735.11
5.75 737.04 736.54 736.05 735.56 735.07
6.00 736.01 735.49 734.96 734.45 733.93 891.00 24021.90 24183.36 24348.48 24507.90 24670.98
6.25 730.62 730.07 729.53 728.99 728.45
6.50 730.32 729.75 729.18 728.62 728.06
6.75 731.45 730.86 730.28 729.69 729.11
7.00 734.02 733.42 732.81 732.21 731.60 643.00 8284.64 8175.78 8065.84 7958.42 7849.96
7.25 733.71 733.08 732.46 731.84 731.22
7.50 737.33 736.69 736.05 735.41 734.77
7.75 740.91 740.24 739.58 738.92 738.26
8.00 744.36 743.67 742.99 742.31 741.63 577.00 28009.37 27778.89 27552.68 27327.40 27103.04
8.25 743.74 743.03 742.33 741.63 740.93
8.50 746.98 746.25 745.53 744.80 744.08
8.75 750.15 749.40 748.65 747.91 747.17
9.00 753.26 752.48 751.71 750.94 750.18 601.00 23183.11 22946.19 22713.50 22482.00 22254.67
9.25 752.43 751.64 750.85 750.07 749.28
9.50 756.05 755.23 754.42 753.61 752.81
9.75 760.15 759.32 758.49 757.65 756.83
10.00 764.76 763.90 763.05 762.20 761.35 1013.00 61623.10 62050.81 62475.00 62900.64 63327.72
10.25 765.58 764.71 763.84 762.97 762.10
10.50 770.09 769.20 768.30 767.41 766.52
10.75 774.15 773.23 772.31 771.39 770.48
11.00 777.66 776.72 775.78 774.84 773.90 507.00 73256.84 72748.88 72242.69 71738.27 71235.61
11.25 776.59 775.62 774.66 773.70 772.75
11.50 779.51 778.52 777.53 776.55 775.57
11.75 782.37 781.36 780.35 779.35 778.35
12.00 785.22 784.19 783.16 782.13 781.11 495.00 84227.65 83630.86 83036.19 82443.64 81858.93
12.25 784.01 782.96 781.91 780.86 779.82
12.50 787.31 786.24 785.17 784.10 783.04
12.75 791.03 789.93 788.84 787.75 786.67
13.00 795.16 794.04 792.93 791.82 790.71 849.00 2898.75 3020.60 3143.84 3269.55 3397.72
13.25 795.33 794.20 793.07 791.94 790.82
13.50 799.55 798.39 797.24 796.09 794.95
13.75 803.54 802.36 801.19 800.02 798.85
14.00 807.26 806.06 804.86 803.67 802.48 385.00 178303.51 177291.52 176282.42 175284.57 174289.55
14.25 806.44 805.22 804.00 802.79 801.58
14.50 809.69 808.45 807.21 805.97 804.74
14.75 812.76 811.49 810.23 808.98 807.72
15.00 815.64 814.35 813.07 811.79 810.52 453.00 131507.77 130573.82 129650.40 128730.26 127820.55
15.25 814.13 812.82 811.52 810.23 808.94
15.50 817.15 815.82 814.50 813.19 811.88
15.75 820.45 819.11 817.76 816.43 815.10
16.00 824.06 822.70 821.33 819.97 818.62 457.00 134733.04 133736.49 132736.35 131747.22 130769.02
16.25 823.55 822.16 820.78 819.41 818.04
16.50 827.44 826.04 824.64 823.24 821.85
16.75 831.37 829.95 828.52 827.10 825.69




17.25 834.77 833.30 831.84 830.38 828.93
17.50 838.37 836.88 835.39 833.92 832.44
17.75 841.66 840.15 838.65 837.15 835.66
18.00 844.63 843.10 841.57 840.05 838.53 647.00 39057.62 38455.21 37857.48 37268.30 36683.74
18.25 842.80 841.26 839.72 838.18 836.65
18.50 845.22 843.66 842.09 840.54 838.99
18.75 847.43 845.84 844.26 842.69 841.12
19.00 849.43 847.82 846.22 844.63 843.04 1197.00 120804.90 121926.67 123046.61 124164.62 125287.68
19.25 846.76 845.14 843.53 841.93 840.33
19.50 848.54 846.91 845.28 843.66 842.05
19.75 850.32 848.67 847.02 845.38 843.75
20.00 852.09 850.42 848.76 847.10 845.46 794.00 3374.45 3183.22 2998.66 2819.61 2648.13
20.25 849.44 847.77 846.10 844.43 842.78
20.50 851.63 849.93 848.24 846.56 844.89
20.75 854.16 852.45 850.75 849.05 847.35
21.00 857.07 855.34 853.61 851.90 850.19 742.00 13241.10 12845.96 12456.79 12078.01 11705.08
21.25 855.72 853.98 852.25 850.52 848.80
21.50 858.99 857.23 855.48 853.73 851.99
21.75 862.31 860.53 858.76 856.99 855.23
22.00 865.66 863.86 862.06 860.27 858.49 1021.00 24130.52 24692.98 25261.92 25834.13 26409.50
22.25 864.47 862.66 860.86 859.06 857.27
22.50 868.02 866.19 864.36 862.54 860.73
22.75 871.74 869.88 868.03 866.19 864.36
23.00 875.62 873.75 871.88 870.02 868.16 842.00 1130.30 1008.06 892.81 785.12 684.35
23.25 874.96 873.07 871.19 869.32 867.46
23.50 878.82 876.91 875.01 873.11 871.23
23.75 882.53 880.60 878.67 876.76 874.85
24.00 886.06 884.11 882.16 880.23 878.30 1087.00 40376.88 41164.35 41959.43 42753.83 43555.69
24.25 884.66 882.70 880.75 878.80 876.86
24.50 887.58 885.60 883.62 881.66 879.70
24.75 890.08 888.08 886.09 884.10 882.13
25.00 892.12 890.11 888.10 886.10 884.10 913.00 435.97 523.95 620.01 723.61 835.21
25.25 889.16 887.14 885.13 883.12 881.12
25.50 891.13 889.10 887.07 885.05 883.03
25.75 893.43 891.37 889.33 887.29 885.26
26.00 896.08 894.01 891.94 889.89 887.85 892.00 16.65 4.04 0.00 4.45 17.22
26.25 894.27 892.20 890.13 888.07 886.02
26.50 897.29 895.20 893.11 891.04 888.97
26.75 900.37 898.26 896.16 894.07 891.98
27.00 903.50 901.37 899.25 897.14 895.04 873.00 930.25 804.86 689.06 582.74 485.76
27.25 901.87 899.73 897.61 895.49 893.38
27.50 905.03 902.88 900.73 898.60 896.47
27.75 908.20 906.03 903.87 901.71 899.57
28.00 911.37 909.18 907.00 904.83 902.66 912.00 0.40 7.95 25.00 51.41 87.24
28.25 909.79 907.59 905.40 903.22 901.05
28.50 913.34 911.12 908.92 906.72 904.53
28.75 917.24 915.01 912.78 910.56 908.36
29.00 921.51 919.26 917.01 914.77 912.54 715.00 42646.38 41722.15 40808.04 39908.05 39022.05
29.25 921.10 918.84 916.58 914.34 912.10
29.50 925.33 923.04 920.77 918.50 916.24
29.75 929.24 926.93 924.63 922.34 920.06
30.00 932.77 930.44 928.13 925.82 923.52 775.00 24891.37 24161.59 23448.80 22746.67 22058.19
30.25 931.09 928.76 926.43 924.12 921.81
30.50 934.42 932.07 929.72 927.39 925.07
30.75 937.89 935.52 933.16 930.81 928.47
31.00 941.53 939.14 936.76 934.39 932.03 677.00 69976.12 68717.38 67475.26 66249.61 65040.30
31.25 940.31 937.91 935.53 933.15 930.78
31.50 944.02 941.61 939.21 936.81 934.43
31.75 947.64 945.21 942.79 940.38 937.97
32.00 951.13 948.68 946.24 943.81 941.39 1036.00 7202.92 7624.78 8056.86 8499.00 8951.05
32.25 949.41 946.95 944.51 942.07 939.65
32.50 952.52 950.05 947.59 945.14 942.70
32.75 955.51 953.02 950.54 948.08 945.62
Final 958.38 955.88 953.39 950.91 948.43 735.00 49898.62 48787.97 47694.19 46617.13 45552.36
SSE 1.38E+06 1.37E+06 1.37E+06 1.36E+06 1.35E+06
n = 34
Mean = 759.62 204.5562 204.0528 203.5612 203.0817 202.6152
0.2693 0.2686 0.2680 0.2673 0.2667  
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Table 1-5-b. SSE for 5 f_BF VS Rotifer counts in Trial #1 
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
f_BF @ (rot/mL) f_BF @
Time (Day) 0.030 0.040 0.050 0.060 0.070 DATASET#1 0.03 0.04 0.05 0.06 0.07
0.00 721.00 721.00 721.00 721.00 721.00 721.00 0.00 0.00 0.00 0.00 0.00
0.25 713.06 712.82 712.57 712.33 712.09
0.50 713.29 712.57 711.86 711.15 710.45
0.75 716.41 715.14 713.87 712.62 711.38
1.00 721.28 719.43 717.59 715.77 713.99 543.00 31783.76 31127.54 30481.67 29849.47 29237.58
1.25 723.36 720.90 718.46 716.06 713.72
1.50 729.35 726.17 723.04 719.97 716.99
1.75 735.30 731.31 727.38 723.56 719.87
2.00 741.10 736.19 731.38 726.74 722.27 939.00 39164.41 41131.90 43106.06 45054.31 46971.89
2.25 742.74 736.82 731.07 725.55 720.29
2.50 747.95 740.89 734.08 727.61 721.48
2.75 752.77 744.45 736.52 729.03 722.00
3.00 757.15 747.48 738.34 729.80 721.84 980.00 49662.12 54065.55 58399.56 62600.04 66646.59
3.25 757.20 746.19 735.91 726.38 717.55
3.50 761.52 749.19 737.78 727.28 717.61
3.75 766.22 752.63 740.16 728.75 718.27
4.00 771.33 756.55 743.08 730.80 719.56 548.00 49876.29 43493.10 38056.21 33415.84 29432.83
4.25 772.68 756.83 742.45 729.39 717.46
4.50 778.13 761.11 745.74 731.81 719.11
4.75 783.54 765.32 748.93 734.12 720.64
5.00 788.89 769.43 752.00 736.28 721.99 652.00 18738.87 13789.80 10000.00 7103.12 4898.60
5.25 789.83 769.19 750.75 734.17 719.13
5.50 794.33 772.29 752.69 735.11 719.21
5.75 798.08 774.52 753.69 735.07 718.27
6.00 800.91 775.74 753.61 733.93 716.23 891.00 8116.21 13284.87 18876.01 24670.98 30544.55
6.25 798.87 772.27 749.03 728.45 710.01
6.50 801.82 773.83 749.51 728.06 708.88
6.75 805.83 776.62 751.35 729.11 709.26
7.00 811.00 780.72 754.58 731.60 711.11 643.00 28224.00 18966.80 12450.10 7849.96 4638.97
7.25 812.82 781.66 754.81 731.22 710.19
7.50 819.07 786.86 759.12 734.77 713.06
7.75 825.37 792.07 763.42 738.26 715.84
8.00 831.66 797.23 767.61 741.63 718.48 577.00 64851.72 48501.25 36332.17 27103.04 20016.59
8.25 833.49 798.07 767.63 740.93 717.16
8.50 839.71 803.09 771.64 744.08 719.57
8.75 845.91 808.07 775.60 747.17 721.90
9.00 852.08 812.99 779.48 750.18 724.15 601.00 63041.17 44939.76 31855.11 22254.67 15165.92
9.25 853.77 813.65 779.30 749.28 722.65
9.50 860.35 819.02 783.67 752.81 725.46
9.75 867.37 824.85 788.52 756.83 728.76
10.00 874.86 831.16 793.86 761.35 732.57 1013.00 19082.66 33065.79 48022.34 63327.72 78640.98
10.25 878.03 833.37 795.28 762.10 732.75
10.50 885.60 839.70 800.58 766.52 736.41
10.75 892.85 845.64 805.45 770.48 739.59
11.00 899.70 851.12 809.80 773.90 742.21 507.00 154213.29 118418.57 91687.84 71235.61 55323.74
11.25 901.34 851.62 809.39 772.75 740.43
11.50 907.60 856.48 813.14 775.57 742.49
11.75 913.77 861.26 816.81 778.35 744.50
12.00 919.88 865.99 820.46 781.11 746.51 495.00 180523.01 137633.58 105924.21 81858.93 63257.28
12.25 921.13 866.18 819.83 779.82 744.69
12.50 927.54 871.28 823.90 783.04 747.18
12.75 934.32 876.78 828.38 786.67 750.09
13.00 941.50 882.69 833.27 790.71 753.41 849.00 8556.25 1135.02 247.43 3397.72 9137.45
13.25 943.99 884.21 834.02 790.82 752.98
13.50 951.35 890.27 839.03 794.95 756.35
13.75 958.56 896.15 843.83 798.85 759.48
14.00 965.54 901.77 848.36 802.48 762.34 385.00 337026.69 267051.23 214702.49 174289.55 142385.48
14.25 967.14 902.35 848.13 801.58 760.90
14.50 973.65 907.49 852.18 804.74 763.31
14.75 979.96 912.44 856.05 807.72 765.55
15.00 986.04 917.17 859.71 810.52 767.61 453.00 284131.64 215453.79 165413.02 127820.55 98979.45  
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15.25 986.74 916.92 858.73 808.94 765.54
15.50 992.82 921.71 862.50 811.88 767.77
15.75 999.15 926.78 866.56 815.10 770.29
16.00 1005.78 932.15 870.92 818.62 773.10 457.00 301159.49 225767.52 171329.77 130769.02 99919.21
16.25 1007.33 932.83 870.91 818.04 772.04
16.50 1014.29 938.53 875.58 821.85 775.12
16.75 1021.32 944.28 880.29 825.69 778.23
17.00 1028.38 950.05 885.02 829.55 781.34 715.00 98207.02 55248.50 28906.80 13121.70 4401.00
17.25 1029.95 950.74 884.99 828.93 780.24
17.50 1036.69 956.18 889.38 832.44 783.01
17.75 1043.11 961.30 893.46 835.66 785.48
18.00 1049.14 966.06 897.18 838.53 787.64 647.00 161716.58 101799.28 62590.03 36683.74 19779.61
18.25 1049.19 965.32 895.82 836.65 785.34
18.50 1054.46 969.41 898.95 838.99 787.01
18.75 1059.41 973.23 901.85 841.12 788.49
19.00 1064.02 976.77 904.50 843.04 789.78 1197.00 17683.68 48501.25 85556.25 125287.68 165828.13
19.25 1062.69 974.90 902.18 840.33 786.75
19.50 1066.84 978.10 904.58 842.05 787.87
19.75 1070.89 981.26 906.96 843.75 789.00
20.00 1074.87 984.38 909.32 845.46 790.12 794.00 78887.96 36244.54 13298.70 2648.13 15.05
20.25 1073.20 982.36 906.96 842.78 787.17
20.50 1077.55 985.88 909.73 844.89 788.70
20.75 1082.33 989.81 912.88 847.35 790.57
21.00 1087.58 994.16 916.42 850.19 792.78 742.00 119425.54 63584.67 30422.34 11705.08 2578.61
21.25 1087.45 993.59 915.42 848.80 791.05
21.50 1093.24 998.40 919.37 851.99 793.58
21.75 1099.14 1003.30 923.38 855.23 796.15
22.00 1105.10 1008.24 927.43 858.49 798.75 1021.00 7072.81 162.82 8755.34 26409.50 49395.06
22.25 1105.28 1007.91 926.62 857.27 797.16
22.50 1111.51 1013.08 930.87 860.73 799.94
22.75 1117.95 1018.45 935.31 864.36 802.88
23.00 1124.61 1024.02 939.93 868.16 805.98 842.00 79868.41 33131.28 9590.28 684.35 1297.44
23.25 1125.46 1024.28 939.67 867.46 804.89
23.50 1132.14 1029.85 944.27 871.23 807.95
23.75 1138.66 1035.26 948.72 874.85 810.87
24.00 1144.96 1040.47 952.98 878.30 813.62 1087.00 3359.36 2165.04 17961.36 43555.69 74736.62
24.25 1144.86 1039.88 951.93 876.86 811.85
24.50 1150.31 1044.34 955.52 879.70 814.04
24.75 1155.16 1048.28 958.65 882.13 815.85
25.00 1159.30 1051.64 961.28 884.10 817.26 913.00 60663.69 19221.05 2330.96 835.21 9166.15
25.25 1156.75 1049.00 958.48 881.12 814.11
25.50 1160.44 1052.09 960.96 883.03 815.51
25.75 1164.45 1055.51 963.77 885.26 817.21
26.00 1168.90 1059.35 966.96 887.85 819.25 892.00 76673.61 28006.02 5619.00 17.22 5292.56
26.25 1167.56 1057.93 965.35 886.02 817.21
26.50 1172.55 1062.23 968.95 888.97 819.57
26.75 1177.66 1066.63 972.63 891.98 821.98
27.00 1182.85 1071.09 976.36 895.04 824.43 873.00 96007.02 39239.65 10683.29 485.76 2359.04
27.25 1181.82 1069.92 974.95 893.38 822.54
27.50 1187.08 1074.43 978.73 896.47 825.02
27.75 1192.35 1078.96 982.51 899.57 827.51
28.00 1197.60 1083.47 986.28 902.66 829.99 912.00 81567.36 29401.96 5517.52 87.24 6725.64
28.25 1196.59 1082.33 984.91 901.05 828.16
28.50 1202.32 1087.28 989.09 904.53 831.01
28.75 1208.53 1092.65 993.66 908.36 834.18
29.00 1215.26 1098.48 998.63 912.54 837.68 715.00 250260.07 147056.91 80445.98 39022.05 15050.38
29.25 1215.89 1098.76 998.53 912.10 836.91
29.50 1222.71 1104.61 1003.48 916.24 840.35
29.75 1229.13 1110.10 1008.09 920.06 843.48
30.00 1235.03 1115.13 1012.29 923.52 846.28 775.00 211627.60 115688.42 56306.54 22058.19 5080.84
30.25 1233.93 1113.88 1010.82 921.81 844.36
30.50 1239.35 1118.56 1014.76 925.07 847.01
30.75 1244.89 1123.37 1018.84 928.47 849.79




31.25 1249.87 1127.53 1022.06 930.78 851.27
31.50 1255.69 1132.62 1026.41 934.43 854.28
31.75 1261.38 1137.59 1030.65 937.97 857.20
32.00 1266.85 1142.39 1034.74 941.39 860.00 1036.00 53291.72 11318.83 1.59 8951.05 30976.00
32.25 1265.31 1140.90 1033.15 939.65 858.10
32.50 1270.14 1145.18 1036.81 942.70 860.58
32.75 1274.70 1149.26 1040.31 945.62 862.96
Final 1279.01 1153.16 1043.67 948.43 865.25 735.00 295946.88 174857.79 95277.17 45552.36 16965.06
SSE 3.66E+06 2.42E+06 1.71E+06 1.35E+06 1.24E+06
n = 34
Mean = 759.62 333.0052 270.6434 227.6311 202.6152 193.5103
0.4384 0.3563 0.2997 0.2667 0.2547  
 
Summary of Calibration with Dataset #1 
 
Dataset #1 Rot daily harvest (106 rot/d)
Time (d) Observed Modeled SE Observed Modeled SE
0 721.00 721.00 0.00 1.52 1.50 0.00
1 543.00 710.30 27989.29 1.31 1.22 0.01
2 939.00 708.89 52950.61 2.12 1.84 0.08
3 980.00 713.64 70947.65 1.67 1.92 0.06
4 548.00 716.98 28554.24 1.50 1.71 0.04
5 652.00 720.97 4756.86 2.12 2.17 0.00
6 891.00 725.20 27489.64 2.29 1.97 0.10
7 643.00 725.43 6794.70 1.11 1.49 0.14
8 577.00 728.76 23031.10 1.42 1.71 0.08
9 601.00 734.97 17947.96 2.41 1.52 0.78
10 1013.00 738.77 75202.09 0.89 1.53 0.41
11 507.00 744.02 56178.48 1.20 1.84 0.40
12 495.00 750.78 65423.41 2.13 1.63 0.25
13 849.00 755.14 8809.70 0.75 1.58 0.68
14 385.00 759.96 140595.00 1.03 1.81 0.61
15 453.00 766.39 98213.29 1.14 1.75 0.38
16 457.00 771.38 98834.78 1.46 1.62 0.02
17 715.00 775.69 3683.28 1.37 1.79 0.18
18 647.00 781.68 18138.70 2.85 2.01 0.70
19 1197.00 788.26 167068.39 2.18 2.10 0.01
20 794.00 794.24 0.06 1.91 1.95 0.00
21 742.00 799.35 3289.02 2.31 1.81 0.25
22 1021.00 804.61 46824.63 1.96 1.75 0.05
23 842.00 809.48 1057.55 2.22 1.76 0.21
24 1087.00 814.89 74043.85 2.13 2.01 0.01
25 913.00 821.58 8357.62 2.31 2.02 0.08
26 892.00 826.60 4277.16 1.93 1.87 0.00
27 873.00 831.40 1730.56 2.12 1.88 0.06
28 912.00 836.61 5683.65 1.64 1.74 0.01
29 715.00 840.22 15680.05 1.49 1.75 0.07
30 775.00 844.90 4886.01 1.55 1.85 0.09
31 677.00 849.63 29801.12 2.20 1.79 0.17
32 1036.00 853.50 33306.25 1.48 1.88 0.16
33 735.00 857.74 15065.11 1.09 1.08 0.00









VI-2 Calibration of RRT model with Dataset #2 
 
 
Table 2-1-a. SSE for 5 b_R VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_R @ (rot/mL) b_R @
Time (Day) 0.010 0.045 0.080 0.115 0.150 DATASET#2 0.0100 0.0450 0.0800 0.1150 0.1500
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 949.09 940.82 932.63 924.50 916.45
0.50 967.04 950.28 933.81 917.63 901.73
0.75 985.24 959.77 934.96 910.79 887.24
1.00 1003.16 968.80 935.61 903.55 872.59 951.00 2720.67 316.84 236.85 2251.50 6148.13
1.25 1015.27 972.09 930.74 891.13 853.20
1.50 1032.69 980.37 930.67 883.46 838.63
1.75 1050.08 988.49 930.45 875.77 824.26
2.00 1067.38 996.41 930.05 868.03 810.07 921.00 21427.10 5686.67 81.90 2805.82 12305.46
2.25 1078.70 998.70 924.47 855.62 791.79
2.50 1094.87 1005.52 923.19 847.40 777.66
2.75 1109.97 1011.43 921.21 838.72 763.38
3.00 1123.69 1016.24 918.42 829.54 748.92 868.00 65377.38 21975.10 2542.18 1479.17 14180.05
3.25 1130.34 1014.86 910.24 815.74 730.58
3.50 1143.43 1019.26 907.32 806.80 716.81
3.75 1157.49 1024.38 905.00 798.46 703.72
4.00 1172.75 1030.35 903.35 790.74 691.30 949.00 50064.06 6617.82 2083.92 25046.23 66409.29
4.25 1182.44 1031.34 897.35 779.30 675.80
4.50 1197.34 1037.06 895.62 771.76 663.91
4.75 1210.60 1041.71 893.20 763.82 651.90
5.00 1221.62 1044.98 889.94 755.43 639.74 1059.00 26445.26 196.56 28581.28 92154.74 175778.95
5.25 1224.06 1041.47 881.26 742.72 624.18
5.50 1232.46 1043.24 877.26 734.14 612.29
5.75 1240.85 1045.05 873.36 725.76 600.73
6.00 1249.43 1047.01 869.64 717.61 589.50 1028.00 49031.24 361.38 25077.89 96341.95 192282.25
6.25 1251.24 1043.41 861.41 705.88 575.49
6.50 1258.38 1044.66 857.43 697.83 564.68
6.75 1263.83 1045.03 853.03 689.62 553.92
7.00 1267.34 1044.37 848.14 681.26 543.21 972.00 87225.72 5237.42 15341.30 84529.75 183860.86
7.25 1262.95 1037.52 838.50 669.26 529.80
7.50 1266.05 1036.64 833.67 661.19 519.62
7.75 1270.34 1036.46 829.30 653.49 509.81
8.00 1275.91 1037.06 825.41 646.17 500.38 961.00 99168.31 5785.12 18384.65 99117.93 212170.78
8.25 1275.58 1032.76 817.57 635.78 488.67
8.50 1281.77 1033.93 814.14 628.91 479.79
8.75 1287.31 1034.87 810.66 622.10 471.06
9.00 1292.04 1035.47 807.08 615.32 462.48 986.00 93660.48 2447.28 32012.37 137403.66 274073.19
9.25 1289.17 1030.26 799.16 605.36 451.63
9.50 1292.66 1030.32 795.46 598.71 443.38
9.75 1295.69 1030.19 791.73 592.14 435.29
10.00 1298.27 1029.86 787.98 585.63 427.35 1055.00 59180.29 632.02 71299.68 220308.20 393944.52
10.25 1293.74 1023.98 780.07 576.14 417.34
10.50 1296.23 1023.65 776.44 569.87 409.77
10.75 1298.90 1023.45 772.91 563.73 402.37
11.00 1301.74 1023.39 769.51 557.73 395.15 1077.00 50508.07 2874.03 94550.10 269641.33 464919.42
11.25 1297.94 1018.08 762.17 548.93 386.04
11.50 1301.34 1018.38 759.03 543.22 379.19
11.75 1305.00 1018.87 756.03 537.63 372.49
12.00 1308.89 1019.54 753.16 532.17 365.95 951.00 128085.25 4697.73 39140.67 175418.57 342283.50
12.25 1305.80 1014.86 746.38 524.01 357.65
12.50 1308.89 1015.26 743.49 518.68 351.37
12.75 1310.94 1015.24 740.46 513.34 345.17
13.00 1311.86 1014.71 737.27 507.99 339.04 1015.00 88125.86 0.08 77133.95 257059.14 456921.92
13.25 1305.42 1008.57 730.12 499.99 331.24
13.50 1306.99 1008.28 727.12 494.87 325.41
13.75 1309.88 1008.61 724.41 489.93 319.75







14.25 1312.37 1005.83 716.08 478.08 307.31
14.50 1317.72 1007.52 714.03 473.60 302.11
14.75 1322.92 1009.23 712.02 469.18 297.01
15.00 1327.88 1010.89 710.03 464.81 292.00 1088.00 57542.41 5945.95 142861.32 388365.78 633616.00
15.25 1325.40 1007.08 704.28 458.05 285.55
15.50 1329.18 1008.31 702.19 453.74 280.72
15.75 1332.03 1009.16 699.99 449.43 275.94
16.00 1333.87 1009.59 697.67 445.12 271.22 995.00 114832.88 212.87 88405.13 302368.01 523857.49
16.25 1327.87 1004.30 691.56 438.47 265.15
16.50 1328.54 1004.15 689.09 434.21 260.59
16.75 1328.86 1003.83 686.60 429.98 256.11
17.00 1328.83 1003.34 684.07 425.78 251.70 1061.00 71732.91 3324.68 142076.22 403504.45 654966.49
17.25 1321.58 997.43 677.92 419.39 246.05
17.50 1321.25 996.78 675.39 415.29 241.82
17.75 1320.74 996.05 672.87 411.24 237.65
18.00 1320.05 995.23 670.34 407.23 233.56 1006.00 98627.40 115.99 112667.64 358525.51 596663.55
18.25 1312.22 989.06 664.27 401.12 228.33
18.50 1311.17 988.06 661.72 397.19 224.39
18.75 1309.86 986.94 659.15 393.30 220.52
19.00 1308.25 985.69 656.57 389.43 216.71 944.00 132678.06 1738.06 82616.00 307547.88 528950.74
19.25 1300.10 979.34 650.56 383.57 211.84
19.50 1300.44 978.89 648.29 379.91 208.22
19.75 1302.46 979.21 646.31 376.40 204.72
20.00 1306.12 980.32 644.61 373.02 201.32 1023.00 80156.93 1821.58 143178.99 422474.00 675158.02
20.25 1304.27 976.93 639.78 367.81 196.97
20.50 1310.22 979.19 638.51 364.67 193.76
20.75 1316.86 981.83 637.40 361.60 190.62
21.00 1324.11 984.81 636.42 358.61 187.56 1119.00 42070.11 18006.96 232883.46 578192.95 867580.47
21.25 1324.31 982.65 632.14 353.79 183.58
21.50 1329.87 985.08 631.01 350.81 180.60
21.75 1333.18 986.66 629.62 347.75 177.63
22.00 1333.91 987.21 627.93 344.61 174.66 956.00 142815.97 974.06 107629.92 373797.73 610492.20
22.25 1325.34 981.54 622.64 339.60 170.80
22.50 1322.41 980.37 620.48 336.39 167.89
22.75 1318.23 978.54 618.16 333.16 165.00
23.00 1312.90 976.09 615.68 329.90 162.15 695.00 381800.41 79011.59 6291.66 133298.01 283929.12
23.25 1300.77 968.32 609.88 324.92 158.49
23.50 1298.12 966.67 607.65 321.83 155.78
23.75 1298.18 966.19 605.77 318.89 153.17
24.00 1300.84 966.90 604.26 316.09 150.64 837.00 215147.55 16874.01 54167.91 271347.23 471090.05
24.25 1297.68 963.12 599.80 311.76 147.41
24.50 1298.91 963.51 598.21 308.98 144.97
24.75 1296.43 962.50 596.21 306.10 142.50
25.00 1289.77 959.71 593.74 303.09 140.03 809.00 231139.79 22713.50 46336.87 255944.93 447520.86
25.25 1273.93 950.51 587.76 298.39 136.82
25.50 1266.41 946.69 585.05 295.39 134.41
25.75 1260.91 943.59 582.55 292.48 132.08
26.00 1257.43 941.34 580.28 289.68 129.81 945.00 97612.50 13.40 133020.68 429444.30 664534.74
26.25 1248.91 934.87 575.17 285.45 126.93
26.50 1247.74 933.75 573.22 282.80 124.78
26.75 1246.96 932.89 571.35 280.19 122.67
27.00 1246.48 932.21 569.55 277.62 120.60 908.00 114568.71 586.12 114548.40 397378.94 619998.76
27.25 1239.98 926.86 564.82 273.64 117.94
27.50 1241.20 926.96 563.27 271.19 115.97
27.75 1243.55 927.58 561.89 268.82 114.06
28.00 1247.00 928.72 560.67 266.52 112.19 894.00 124609.00 1205.48 111108.89 393731.15 611226.88
28.25 1244.85 925.43 556.64 262.88 109.78
28.50 1250.05 927.43 555.69 260.71 108.00
28.75 1255.87 929.75 554.85 258.58 106.27
29.00 1262.24 932.36 554.11 256.50 104.57 880.00 146107.42 2741.57 106204.29 388752.25 601291.68
29.25 1261.80 930.07 550.48 253.11 102.36
29.50 1266.13 931.99 549.55 251.01 100.70
29.75 1267.86 932.93 548.36 248.86 99.04





30.25 1257.20 926.75 542.29 243.07 95.22
30.50 1256.30 926.32 540.81 240.90 93.62
30.75 1257.80 926.80 539.58 238.83 92.08
31.00 1261.69 928.28 538.64 236.85 90.59 813.00 201322.72 13289.48 75273.41 331948.82 521876.21
31.25 1260.23 925.50 535.06 233.72 88.68
31.50 1264.30 927.23 534.18 231.81 87.25
31.75 1266.43 928.29 533.12 229.85 85.82
32.00 1266.25 928.47 531.85 227.85 84.39 765.00 251251.56 26722.44 54358.92 288530.12 463229.97
32.25 1258.02 923.11 527.61 224.62 82.54
32.50 1257.36 922.94 526.31 222.66 81.17
32.75 1257.89 923.18 525.14 220.76 79.83
Final 1259.65 923.91 524.12 218.92 78.53 834.00 181177.92 8083.81 96025.61 378323.41 570734.92
SSE 3.79E+06 2.82E+05 2.44E+06 8.51E+06 1.42E+07
n = 34
Mean Ro = 945.94 338.7964 92.4280 271.7894 507.7712 655.9302





Table 2-2-a. SSE for 5 Y_Rot VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
Y @ (rot/mL) Y @
Time (Day) 100.000 600.000 1100.000 1600.000 2100.000 DATASET#2 100.00 600.00 1100.00 1600.00 2100.00
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 924.17 938.29 940.24 940.81 941.08
0.50 909.81 942.02 948.57 950.26 951.01
0.75 891.20 942.43 956.43 959.73 961.14
1.00 868.60 938.66 963.12 968.73 971.00 951.00 6789.76 152.28 146.89 314.35 400.00
1.25 839.50 926.93 963.41 972.00 975.33
1.50 815.00 919.42 968.16 980.24 984.80
1.75 790.58 911.41 972.34 988.31 994.25
2.00 766.27 902.95 975.99 996.19 1003.63 921.00 23941.37 325.80 3023.90 5653.54 6827.72
2.25 737.55 888.81 973.72 998.44 1007.51
2.50 711.68 877.40 975.18 1005.20 1016.19
2.75 684.83 863.92 974.88 1011.03 1024.27
3.00 657.18 848.54 972.58 1015.77 1031.66 868.00 44445.07 378.69 10936.98 21835.97 26784.60
3.25 627.13 828.75 964.01 1014.31 1033.02
3.50 603.17 816.02 961.65 1018.62 1040.19
3.75 581.55 805.75 960.80 1023.66 1047.89
4.00 562.01 797.73 961.49 1029.56 1056.22 949.00 149761.26 22882.61 156.00 6489.91 11496.13
4.25 540.21 786.34 957.86 1030.49 1059.34
4.50 520.30 777.26 958.15 1036.14 1067.50
4.75 499.48 765.97 956.61 1040.71 1074.92
5.00 478.02 752.57 952.82 1043.88 1081.41 1059.00 337537.76 93899.34 11274.19 228.61 502.21
5.25 454.49 734.51 942.33 1040.27 1081.29
5.50 434.79 721.51 936.95 1041.94 1086.77
5.75 416.31 709.60 932.03 1043.64 1092.26
6.00 398.94 698.69 927.67 1045.50 1097.84 1028.00 395716.48 108445.08 10066.11 306.25 4877.63
6.25 380.14 684.59 918.61 1041.82 1097.58
6.50 363.52 673.56 913.68 1042.97 1102.58
6.75 347.02 661.80 907.68 1043.23 1106.93
7.00 330.71 649.40 900.55 1042.46 1110.52 972.00 411252.86 104070.76 5105.10 4964.61 19187.79
7.25 313.35 633.86 888.24 1035.51 1107.66
7.50 299.20 623.23 881.69 1034.53 1110.94
7.75 286.28 614.04 876.34 1034.25 1114.66
8.00 274.54 606.15 872.16 1034.76 1118.93 961.00 471227.33 125918.52 7892.55 5440.54 24941.88
8.25 262.25 596.01 864.21 1030.39 1117.67
8.50 251.83 589.19 860.93 1031.47 1122.28
8.75 241.84 582.31 857.44 1032.33 1126.69
9.00 232.25 575.35 853.64 1032.85 1130.84 986.00 568139.06 168633.42 17519.17 2194.92 20978.63
9.25 221.94 565.42 845.11 1027.57 1128.69
9.50 213.34 558.70 841.01 1027.55 1132.33
9.75 205.20 552.14 836.85 1027.33 1135.77






10.25 189.24 536.72 824.08 1020.98 1136.08
10.50 182.54 531.01 820.20 1020.57 1139.19
10.75 176.31 525.69 816.61 1020.30 1142.37
11.00 170.50 520.71 813.27 1020.17 1145.60 1077.00 821742.25 309458.56 69553.51 3229.65 4705.96
11.25 164.24 513.38 805.95 1014.80 1142.86
11.50 159.26 509.17 803.24 1015.04 1146.29
11.75 154.63 505.28 800.82 1015.47 1149.86
12.00 150.33 501.69 798.64 1016.07 1153.53 951.00 641072.45 201879.48 23213.57 4234.10 41018.40
12.25 145.49 495.63 792.38 1011.35 1151.11
12.50 141.53 492.10 790.10 1011.69 1154.48
12.75 137.66 488.36 787.45 1011.61 1157.44
13.00 133.88 484.39 784.38 1011.02 1159.93 1015.00 776372.45 281546.97 53185.58 15.84 21004.70
13.25 129.64 477.91 777.05 1004.84 1155.99
13.50 126.50 474.54 774.44 1004.49 1158.56
13.75 123.74 471.78 772.53 1004.77 1161.65
14.00 121.30 469.60 771.33 1005.73 1165.31 1067.00 894348.49 356886.76 87420.75 3754.01 9664.86
14.25 118.48 465.40 766.62 1001.90 1163.27
14.50 116.42 463.84 766.15 1003.54 1167.49
14.75 114.44 462.33 765.73 1005.20 1171.71
15.00 112.55 460.84 765.29 1006.82 1175.89 1088.00 951502.70 393329.67 104141.74 6590.19 7724.65
15.25 110.14 456.90 760.72 1002.98 1173.69
15.50 108.35 455.25 759.96 1004.16 1177.40
15.75 106.55 453.42 758.89 1004.97 1180.73
16.00 104.77 451.38 757.47 1005.35 1183.64 995.00 792509.45 295522.70 56420.50 107.12 35585.05
16.25 102.47 446.82 751.77 1000.03 1179.88
16.50 100.80 444.62 749.96 999.84 1182.15
16.75 99.19 442.40 748.05 999.48 1184.21
17.00 97.64 440.16 746.05 998.95 1186.08 1061.00 928062.49 385442.31 99193.50 3850.20 15645.01
17.25 95.65 435.62 740.07 993.03 1181.49
17.50 94.24 433.46 738.04 992.33 1183.07
17.75 92.90 431.32 735.99 991.56 1184.54
18.00 91.60 429.20 733.92 990.71 1185.88 1006.00 836127.36 332698.24 74027.53 233.78 32356.81
18.25 89.88 424.84 727.95 984.53 1180.80
18.50 88.70 422.77 725.83 983.49 1181.83
18.75 87.54 420.69 723.65 982.34 1182.71
19.00 86.43 418.60 721.41 981.06 1183.41 944.00 735426.30 276045.16 49546.31 1373.44 57317.15
19.25 84.94 414.43 715.51 974.70 1177.89
19.50 84.06 412.91 714.03 974.23 1179.30
19.75 83.34 411.85 713.23 974.52 1181.47
20.00 82.76 411.23 713.10 975.59 1184.43 1023.00 884051.26 374262.53 96038.01 2247.71 26059.64
20.25 81.87 408.82 709.79 972.20 1181.82
20.50 81.49 408.85 710.63 974.42 1185.94
20.75 81.18 409.09 711.80 977.03 1190.46
21.00 80.92 409.50 713.24 979.97 1195.34 1119.00 1077610.09 503390.25 164641.18 19329.34 5827.80
21.25 80.25 407.80 710.97 977.81 1193.97
21.50 79.94 407.96 711.99 980.20 1198.24
21.75 79.51 407.69 712.32 981.75 1201.60
22.00 78.97 406.91 711.83 982.27 1203.86 956.00 769181.62 301499.83 59618.99 690.11 61434.58
22.25 77.91 403.51 706.80 976.60 1198.65
22.50 77.21 401.94 704.99 975.41 1199.01
22.75 76.48 400.09 702.69 973.56 1198.62
23.00 75.70 397.99 699.94 971.09 1197.50 695.00 383532.49 88214.94 24.40 76225.69 252506.25
23.25 74.55 393.78 693.42 963.33 1189.79
23.50 73.95 392.19 691.40 961.67 1189.41
23.75 73.51 391.20 690.33 961.17 1190.26
24.00 73.21 390.80 690.20 961.85 1192.39 837.00 583375.16 199094.44 21550.24 15587.52 126302.05
24.25 72.60 388.62 686.91 958.07 1188.89
24.50 72.27 388.09 686.56 958.45 1190.64
24.75 71.80 386.90 685.12 957.41 1190.80






25.25 70.01 380.29 674.93 945.44 1179.32
25.50 69.32 377.91 671.42 941.62 1176.22
25.75 68.74 375.91 668.51 938.51 1173.85
26.00 68.25 374.34 666.28 936.25 1172.39 945.00 768690.56 325652.84 77684.84 76.56 51706.21
26.25 67.50 371.16 661.12 929.80 1165.55
26.50 67.15 370.14 659.79 928.67 1165.31
26.75 66.83 369.25 658.67 927.80 1165.33
27.00 66.54 368.46 657.69 927.11 1165.55 908.00 708054.93 291103.41 62655.10 365.19 66332.00
27.25 65.92 365.85 653.45 921.77 1159.88
27.50 65.72 365.42 653.08 921.85 1160.94
27.75 65.57 365.24 653.11 922.46 1162.60
28.00 65.47 365.29 653.54 923.59 1164.86 894.00 686461.96 279534.26 57821.01 875.57 73365.14
28.25 65.07 363.63 650.87 920.30 1161.49
28.50 65.05 364.07 651.95 922.28 1164.72
28.75 65.06 364.66 653.27 924.57 1168.32
29.00 65.11 365.37 654.81 927.16 1172.26 880.00 664045.71 264844.04 50710.54 2224.07 85415.91
29.25 64.81 364.16 652.91 924.88 1170.03
29.50 64.79 364.59 653.94 926.77 1173.14
29.75 64.70 364.59 654.25 927.69 1175.09
30.00 64.50 364.10 653.70 927.45 1175.66 797.00 536556.25 187402.41 20534.89 17017.20 143383.40
30.25 63.90 361.36 649.13 921.52 1169.06
30.50 63.71 360.81 648.46 921.09 1169.36
30.75 63.60 360.65 648.47 921.55 1170.70
31.00 63.57 360.94 649.22 923.02 1173.23 813.00 561645.32 204358.24 26823.89 12104.40 129765.65
31.25 63.26 359.59 647.01 920.24 1170.31
31.50 63.27 359.99 647.96 921.96 1173.11
31.75 63.21 360.11 648.41 923.00 1175.09
32.00 63.09 359.86 648.24 923.17 1176.03 765.00 492677.65 164138.42 13632.90 25017.75 168945.66
32.25 62.59 357.46 644.18 917.83 1169.98
32.50 62.44 357.08 643.75 917.65 1170.46
32.75 62.34 356.88 643.64 917.88 1171.43
Final 62.27 356.89 643.88 918.59 1172.97 834.00 595567.19 227633.95 36145.61 7155.47 114900.66
SSE 1.98E+07 7.31E+06 1.44E+06 2.72E+05 1.80E+06
n = 34
Mean Ro = 945.94 774.1506 470.5852 208.6178 90.7423 233.4464
0.8184 0.4975 0.2205 0.0959 0.2468  
 
Table 2-3-a. SSE for 5 K_A VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
K_A @ (rot/mL) K_A @
Time (Day) 1.260 2.435 3.610 4.785 5.960 DATASET#2 1.26 2.44 3.61 4.79 5.96
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 927.50 926.78 926.16 925.63 925.17
0.50 927.11 925.44 923.98 922.69 921.54
0.75 930.80 927.92 925.39 923.13 921.10
1.00 937.70 933.32 929.45 925.99 922.87 951.00 176.89 312.58 464.40 625.50 791.30
1.25 941.21 935.11 929.75 924.97 920.66
1.50 950.10 942.15 935.19 929.02 923.47
1.75 959.42 949.49 940.86 933.23 926.40
2.00 969.15 957.11 946.72 937.59 929.44 921.00 2318.42 1303.93 661.52 275.23 71.23
2.25 974.44 960.16 947.94 937.25 927.75
2.50 985.67 968.80 954.49 942.04 931.02
2.75 997.46 977.64 961.03 946.68 934.05
3.00 1009.44 986.33 967.23 950.87 936.53 868.00 20005.27 14001.99 9846.59 6867.44 4696.36
3.25 1015.67 989.27 967.74 949.46 933.52
3.50 1026.78 997.08 973.15 952.96 935.44
3.75 1037.68 1004.85 978.64 956.63 937.60
4.00 1048.43 1012.64 984.26 960.53 940.06 949.00 9886.32 4050.05 1243.27 132.94 79.92
4.25 1054.16 1015.57 985.15 959.80 937.98
4.50 1066.26 1024.41 991.61 964.37 940.98
4.75 1078.57 1033.18 997.85 968.61 943.58
5.00 1090.39 1041.25 1003.30 972.03 945.32 1059.00 985.33 315.06 3102.49 7563.78 12923.14
5.25 1095.34 1042.80 1002.51 969.42 941.23
5.50 1105.28 1049.28 1006.57 971.59 941.85
5.75 1114.87 1055.55 1010.49 973.69 942.44
6.00 1124.36 1061.80 1014.44 975.84 943.13 1028.00 9285.25 1142.44 183.87 2720.67 7202.92
6.25 1127.80 1062.37 1012.97 972.79 938.77
6.50 1136.56 1068.03 1016.39 974.43 938.96
6.75 1144.10 1072.81 1019.04 975.38 938.49
7.00 1149.98 1076.40 1020.70 975.45 937.22 972.00 31676.88 10899.36 2371.69 11.90 1209.65  
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7.25 1148.60 1073.51 1016.37 969.89 930.61
7.50 1153.67 1076.58 1017.73 969.81 929.31
7.75 1159.61 1080.30 1019.68 970.29 928.56
8.00 1166.50 1084.77 1022.29 971.41 928.43 961.00 42230.25 15319.01 3756.46 108.37 1060.80
8.25 1167.90 1084.05 1019.99 967.84 923.82
8.50 1175.37 1089.07 1023.11 969.43 924.13
8.75 1182.29 1093.79 1026.01 970.84 924.30
9.00 1188.42 1098.02 1028.55 971.97 924.23 986.00 40973.86 12548.48 1810.50 196.84 3815.53
9.25 1187.54 1095.97 1025.31 967.67 919.04
9.50 1192.39 1099.36 1027.23 968.31 918.57
9.75 1196.72 1102.41 1028.91 968.76 917.95
10.00 1200.55 1105.13 1030.34 969.03 917.19 1055.00 21184.80 2513.02 608.12 7390.84 18991.60
10.25 1197.78 1101.82 1026.21 964.10 911.54
10.50 1201.40 1104.38 1027.57 964.35 910.81
10.75 1205.10 1107.02 1029.02 964.70 910.19
11.00 1208.90 1109.75 1030.57 965.16 909.69 1077.00 17397.61 1072.56 2155.74 12508.19 27992.64
11.25 1206.51 1106.76 1026.81 960.66 904.52
11.50 1210.73 1109.82 1028.66 961.42 904.33
11.75 1215.12 1113.04 1030.67 962.34 904.29
12.00 1219.64 1116.39 1032.82 963.40 904.39 951.00 72167.45 27353.85 6694.51 153.76 2172.49
12.25 1217.66 1113.83 1029.51 959.36 899.72
12.50 1221.42 1116.74 1031.33 960.16 899.60
12.75 1224.12 1118.98 1032.67 960.56 899.14
13.00 1225.63 1120.42 1033.41 960.50 898.29 1015.00 44365.00 11113.38 338.93 2970.25 13621.22
13.25 1220.32 1115.64 1028.49 955.22 892.61
13.50 1222.47 1117.35 1029.47 955.41 892.06
13.75 1225.82 1119.86 1031.08 956.15 892.00
14.00 1230.33 1123.19 1033.35 957.45 892.44 1067.00 26676.69 3157.32 1132.32 12001.20 30471.19
14.25 1229.21 1121.22 1030.65 954.10 888.53
14.50 1234.74 1125.38 1033.57 955.95 889.45
14.75 1240.08 1129.51 1036.52 957.84 890.42
15.00 1245.13 1133.51 1039.39 959.69 891.36 1088.00 24689.84 2071.16 2362.93 16463.46 38667.29
15.25 1243.22 1131.28 1036.61 956.34 887.50
15.50 1247.15 1134.58 1039.00 957.81 888.13
15.75 1250.11 1137.27 1040.94 958.93 888.47
16.00 1252.04 1139.27 1042.39 959.66 888.50 995.00 66069.56 20813.83 2245.81 1248.92 11342.25
16.25 1246.62 1134.68 1037.90 954.99 883.56
16.50 1247.43 1135.77 1038.65 955.19 883.16
16.75 1247.89 1136.57 1039.19 955.22 882.62
17.00 1247.99 1137.09 1039.51 955.09 881.96 1061.00 34965.26 5789.69 461.82 11216.93 32055.32
17.25 1241.38 1131.44 1034.20 949.80 876.56
17.50 1241.23 1131.69 1034.30 949.49 875.77
17.75 1240.89 1131.79 1034.28 949.10 874.92
18.00 1240.34 1131.72 1034.14 948.62 874.00 1006.00 54915.24 15805.52 791.86 3292.46 17424.00
18.25 1233.14 1125.54 1028.42 943.04 868.39
18.50 1232.33 1125.18 1028.02 942.35 867.30
18.75 1231.26 1124.63 1027.48 941.54 866.12
19.00 1229.92 1123.86 1026.77 940.60 864.83 944.00 81750.25 32349.62 6850.87 11.56 6267.89
19.25 1222.62 1117.46 1020.87 934.90 859.17
19.50 1223.40 1118.03 1021.16 934.80 858.64
19.75 1225.76 1119.74 1022.32 935.41 858.70
20.00 1229.59 1122.53 1024.32 936.70 859.35 1023.00 42679.43 9906.22 1.74 7447.69 26781.32
20.25 1228.17 1120.30 1021.62 933.62 855.95
20.50 1234.01 1124.61 1024.81 935.88 857.41
20.75 1240.39 1129.38 1028.38 938.47 859.16
21.00 1247.20 1134.52 1032.26 941.32 861.14 1119.00 16435.24 240.87 7523.83 31570.18 66491.78
21.25 1247.47 1133.72 1030.74 939.23 858.59
21.50 1253.01 1138.17 1034.12 941.67 860.20
21.75 1256.27 1141.25 1036.54 943.35 861.19
22.00 1256.79 1142.55 1037.69 944.06 861.37 956.00 90474.62 34800.90 6673.26 142.56 8954.84
22.25 1248.41 1136.13 1032.13 938.84 856.25
22.50 1245.29 1134.54 1031.12 937.87 855.09
22.75 1240.98 1131.90 1029.26 936.23 853.38
23.00 1235.56 1128.30 1026.62 933.95 851.15 695.00 292205.11 187748.89 109971.82 57097.10 24382.82
23.25 1224.21 1118.90 1018.61 926.80 844.49
23.50 1222.11 1117.22 1017.27 925.54 843.15
23.75 1222.68 1117.45 1017.34 925.39 842.71
24.00 1225.64 1119.46 1018.76 926.32 843.16 837.00 151041.05 79783.65 33036.70 7978.06 37.95  
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24.25 1223.07 1116.29 1015.32 922.71 839.42
24.50 1224.57 1117.62 1016.24 923.16 839.39
24.75 1221.96 1116.34 1015.27 922.13 838.14
25.00 1214.80 1111.74 1011.85 919.19 835.34 809.00 164673.64 91651.51 41148.12 12141.84 693.80
25.25 1199.47 1099.47 1001.70 910.34 827.30
25.50 1192.58 1094.04 997.45 906.78 824.07
25.75 1187.91 1090.12 994.23 903.98 821.46
26.00 1185.29 1087.73 992.13 902.06 819.55 945.00 57739.28 20371.85 2221.24 1843.84 15737.70
26.25 1178.01 1080.80 985.70 896.06 813.87
26.50 1177.62 1080.18 984.96 895.17 812.78
26.75 1177.55 1079.89 984.50 894.52 811.90
27.00 1177.73 1079.84 984.25 894.05 811.17 908.00 72754.27 29528.99 5814.06 194.60 9376.05
27.25 1172.32 1074.54 979.18 889.17 806.42
27.50 1174.21 1075.72 979.90 889.50 806.37
27.75 1177.16 1077.70 981.25 890.33 806.75
28.00 1181.09 1080.43 983.19 891.66 807.54 894.00 82420.67 34756.14 7954.86 5.48 7475.33
28.25 1179.68 1078.12 980.47 888.70 804.41
28.50 1185.16 1082.05 983.36 890.78 805.82
28.75 1191.13 1086.39 986.59 893.15 807.48
29.00 1197.51 1091.09 990.12 895.77 809.36 880.00 100812.60 44558.99 12126.41 248.69 4990.01
29.25 1197.47 1089.98 988.37 893.61 806.90
29.50 1202.07 1093.59 991.08 895.56 808.18
29.75 1203.89 1095.46 992.55 896.53 808.67
30.00 1202.43 1095.13 992.41 896.27 808.16 797.00 164373.48 88881.50 38185.07 9854.53 124.55
30.25 1193.38 1087.93 986.27 890.75 803.00
30.50 1192.79 1087.62 986.14 890.58 802.67
30.75 1194.64 1088.92 987.14 891.29 803.05
31.00 1198.70 1091.80 989.32 892.91 804.18 813.00 148764.49 77729.44 31088.74 6385.61 77.79
31.25 1197.62 1089.79 986.90 890.27 801.39
31.50 1201.91 1093.05 989.33 892.02 802.56
31.75 1204.11 1095.08 990.90 893.12 803.19
32.00 1203.77 1095.44 991.29 893.31 803.10 765.00 192519.11 109190.59 51207.16 16463.46 1451.61
32.25 1195.83 1089.08 985.81 888.35 798.45
32.50 1195.08 1088.88 985.85 888.37 798.31
32.75 1195.43 1089.36 986.36 888.77 798.50
Final 1196.84 1090.55 987.38 889.57 799.02 834.00 131652.87 65817.90 23525.42 3088.02 1223.60
SSE 2.31E+06 1.06E+06 4.18E+05 2.40E+05 3.99E+05
n = 34 BEST
Mean Ro = 945.94 264.5904 178.9617 112.4873 85.3197 109.9112
0.2797 0.1892 0.1189 0.0902 0.1162  
 
Table 2-4-a. SSE for 5 b_A VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_A @ (rot/mL) b_A @
Time (Day) 0.010 0.020 0.030 0.040 0.050 DATASET#2 0.01 0.02 0.03 0.04 0.05
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 940.82 940.81 940.81 940.80 940.80
0.50 950.27 950.26 950.25 950.23 950.22
0.75 959.76 959.73 959.71 959.68 959.65
1.00 968.78 968.73 968.69 968.64 968.59 951.00 316.13 314.35 312.94 311.17 309.41
1.25 972.07 972.00 971.92 971.85 971.78
1.50 980.34 980.24 980.14 980.04 979.94
1.75 988.44 988.31 988.19 988.06 987.93
2.00 996.35 996.19 996.03 995.88 995.72 921.00 5677.62 5653.54 5629.50 5607.01 5583.08
2.25 998.63 998.44 998.25 998.06 997.87
2.50 1005.42 1005.20 1004.97 1004.75 1004.53
2.75 1011.30 1011.03 1010.77 1010.51 1010.25
3.00 1016.08 1015.77 1015.47 1015.17 1014.86 868.00 21927.69 21835.97 21747.40 21659.01 21567.86
3.25 1014.65 1014.31 1013.96 1013.62 1013.28
3.50 1019.00 1018.62 1018.24 1017.86 1017.48
3.75 1024.08 1023.66 1023.25 1022.84 1022.42
4.00 1030.00 1029.56 1029.11 1028.67 1028.23 949.00 6561.00 6489.91 6417.61 6347.31 6277.39
4.25 1030.96 1030.49 1030.01 1029.54 1029.07
4.50 1036.65 1036.14 1035.63 1035.13 1034.62
4.75 1041.25 1040.71 1040.16 1039.62 1039.08
5.00 1044.47 1043.88 1043.30 1042.72 1042.14 1059.00 211.12 228.61 246.49 265.04 284.26
5.25 1040.89 1040.27 1039.66 1039.04 1038.43
5.50 1042.60 1041.94 1041.29 1040.64 1039.99
5.75 1044.33 1043.64 1042.95 1042.27 1041.59
6.00 1046.23 1045.50 1044.79 1044.07 1043.35 1028.00 332.33 306.25 281.90 258.24 235.62  
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6.25 1042.57 1041.82 1041.07 1040.33 1039.59
6.50 1043.75 1042.97 1042.19 1041.42 1040.65
6.75 1044.04 1043.23 1042.42 1041.62 1040.82
7.00 1043.30 1042.46 1041.62 1040.79 1039.96 972.00 5083.69 4964.61 4846.94 4732.06 4618.56
7.25 1036.37 1035.51 1034.65 1033.80 1032.95
7.50 1035.41 1034.53 1033.64 1032.76 1031.89
7.75 1035.16 1034.25 1033.34 1032.44 1031.54
8.00 1035.69 1034.76 1033.83 1032.91 1031.99 961.00 5578.60 5440.54 5304.21 5171.05 5039.58
8.25 1031.34 1030.39 1029.44 1028.50 1027.56
8.50 1032.45 1031.47 1030.50 1029.54 1028.57
8.75 1033.33 1032.33 1031.33 1030.34 1029.36
9.00 1033.87 1032.85 1031.83 1030.81 1029.80 986.00 2291.54 2194.92 2100.39 2007.94 1918.44
9.25 1028.61 1027.57 1026.53 1025.50 1024.47
9.50 1028.61 1027.55 1026.49 1025.43 1024.38
9.75 1028.41 1027.33 1026.25 1025.17 1024.10
10.00 1028.03 1026.92 1025.82 1024.72 1023.63 1055.00 727.38 788.49 851.47 916.88 984.08
10.25 1022.10 1020.98 1019.87 1018.76 1017.65
10.50 1021.71 1020.57 1019.44 1018.31 1017.19
10.75 1021.46 1020.30 1019.15 1018.00 1016.86
11.00 1021.34 1020.17 1019.00 1017.83 1016.67 1077.00 3098.04 3229.65 3364.00 3501.09 3639.71
11.25 1015.99 1014.80 1013.62 1012.44 1011.27
11.50 1016.24 1015.04 1013.84 1012.65 1011.46
11.75 1016.69 1015.47 1014.25 1013.04 1011.83
12.00 1017.31 1016.07 1014.84 1013.61 1012.38 951.00 4397.02 4234.10 4075.55 3920.01 3767.50
12.25 1012.60 1011.35 1010.10 1008.86 1007.62
12.50 1012.96 1011.69 1010.43 1009.17 1007.91
12.75 1012.89 1011.61 1010.32 1009.05 1007.78
13.00 1012.32 1011.02 1009.72 1008.43 1007.14 1015.00 7.18 15.84 27.88 43.16 61.78
13.25 1006.15 1004.84 1003.53 1002.23 1000.94
13.50 1005.81 1004.49 1003.17 1001.85 1000.54
13.75 1006.11 1004.77 1003.44 1002.11 1000.78
14.00 1007.08 1005.73 1004.38 1003.03 1001.69 1067.00 3590.41 3754.01 3921.26 4092.16 4265.40
14.25 1003.27 1001.90 1000.55 999.19 997.85
14.50 1004.92 1003.54 1002.17 1000.80 999.43
14.75 1006.60 1005.20 1003.81 1002.42 1001.04
15.00 1008.23 1006.82 1005.41 1004.00 1002.60 1088.00 6363.25 6590.19 6821.11 7056.00 7293.16
15.25 1004.40 1002.98 1001.56 1000.14 998.73
15.50 1005.60 1004.16 1002.72 1001.29 999.86
15.75 1006.42 1004.97 1003.51 1002.06 1000.62
16.00 1006.82 1005.35 1003.88 1002.41 1000.95 995.00 139.71 107.12 78.85 54.91 35.40
16.25 1001.51 1000.03 998.56 997.09 995.62
16.50 1001.33 999.84 998.35 996.87 995.39
16.75 1000.98 999.48 997.98 996.49 995.00
17.00 1000.46 998.95 997.44 995.94 994.44 1061.00 3665.09 3850.20 4039.87 4232.80 4430.23
17.25 994.54 993.03 991.52 990.01 988.51
17.50 993.85 992.33 990.81 989.30 987.79
17.75 993.09 991.56 990.04 988.51 987.00
18.00 992.25 990.71 989.18 987.65 986.12 1006.00 189.06 233.78 282.91 336.72 395.21
18.25 986.07 984.53 983.00 981.47 979.95
18.50 985.04 983.49 981.95 980.42 978.89
18.75 983.89 982.34 980.79 979.25 977.71
19.00 982.62 981.06 979.51 977.96 976.42 944.00 1491.50 1373.44 1260.96 1153.28 1051.06
19.25 976.26 974.70 973.15 971.61 970.07
19.50 975.79 974.23 972.67 971.12 969.57
19.75 976.09 974.52 972.95 971.39 969.84
20.00 977.17 975.59 974.02 972.45 970.88 1023.00 2100.39 2247.71 2399.04 2555.30 2716.49
20.25 973.78 972.20 970.62 969.04 967.47
20.50 976.02 974.42 972.83 971.24 969.65
20.75 978.64 977.03 975.42 973.81 972.21
21.00 981.60 979.97 978.35 976.72 975.10 1119.00 18878.76 19329.34 19782.42 20243.60 20707.21
21.25 979.45 977.81 976.17 974.54 972.91
21.50 981.86 980.20 978.55 976.90 975.25
21.75 983.42 981.75 980.08 978.41 976.75
22.00 983.96 982.27 980.59 978.91 977.24 956.00 781.76 690.11 604.67 524.87 451.14
22.25 978.28 976.60 974.91 973.24 971.56
22.50 977.10 975.41 973.72 972.03 970.35
22.75 975.26 973.56 971.87 970.18 968.50
23.00 972.79 971.09 969.40 967.71 966.03 695.00 77167.28 76225.69 75295.36 74370.74 73457.26
23.25 965.02 963.33 961.65 959.98 958.30
23.50 963.35 961.67 959.99 958.32 956.64
23.75 962.86 961.17 959.49 957.81 956.14
24.00 963.55 961.85 960.17 958.48 956.80 837.00 16014.90 15587.52 15170.85 14757.39 14352.04  
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24.25 959.76 958.07 956.38 954.70 953.02
24.50 960.15 958.45 956.75 955.06 953.37
24.75 959.12 957.41 955.71 954.01 952.32
25.00 956.32 954.62 952.91 951.22 949.52 809.00 21703.18 21205.18 20710.09 20226.53 19745.87
25.25 947.13 945.44 943.75 942.07 940.39
25.50 943.30 941.62 939.94 938.26 936.59
25.75 940.18 938.51 936.83 935.16 933.50
26.00 937.92 936.25 934.58 932.91 931.25 945.00 50.13 76.56 108.58 146.17 189.06
26.25 931.46 929.80 928.14 926.48 924.82
26.50 930.34 928.67 927.01 925.35 923.70
26.75 929.46 927.80 926.13 924.47 922.81
27.00 928.78 927.11 925.44 923.77 922.11 908.00 431.81 365.19 304.15 248.69 199.09
27.25 923.44 921.77 920.11 918.45 916.79
27.50 923.52 921.85 920.18 918.52 916.85
27.75 924.14 922.46 920.78 919.11 917.44
28.00 925.28 923.59 921.90 920.22 918.54 894.00 978.44 875.57 778.41 687.49 602.21
28.25 921.99 920.30 918.61 916.93 915.24
28.50 923.98 922.28 920.57 918.88 917.18
28.75 926.29 924.57 922.86 921.14 919.44
29.00 928.90 927.16 925.43 923.71 921.98 880.00 2391.21 2224.07 2063.88 1910.56 1762.32
29.25 926.62 924.88 923.14 921.41 919.68
29.50 928.53 926.77 925.02 923.27 921.53
29.75 929.46 927.69 925.93 924.17 922.41
30.00 929.23 927.45 925.68 923.91 922.15 797.00 17484.77 17017.20 16558.54 16106.15 15662.52
30.25 923.30 921.52 919.76 917.99 916.23
30.50 922.86 921.09 919.32 917.55 915.78
30.75 923.33 921.55 919.78 918.00 916.23
31.00 924.81 923.02 921.23 919.45 917.67 813.00 12501.48 12104.40 11713.73 11331.60 10955.81
31.25 922.03 920.24 918.46 916.67 914.89
31.50 923.76 921.96 920.16 918.36 916.57
31.75 924.81 923.00 921.19 919.38 917.58
32.00 924.99 923.17 921.35 919.54 917.73 765.00 25596.80 25017.75 24445.32 23882.61 23326.45
32.25 919.65 917.83 916.02 914.21 912.41
32.50 919.47 917.65 915.83 914.02 912.21
32.75 919.71 917.88 916.06 914.24 912.43
Final 920.43 918.59 916.77 914.94 913.12 834.00 7470.14 7155.47 6850.87 6551.28 6259.97
SSE 2.75E+05 2.72E+05 2.68E+05 2.65E+05 2.62E+05
n = 34
Mean Ro = 945.94 91.3202 90.7423 90.1845 89.6473 89.1280
0.0965 0.0959 0.0953 0.0948 0.0942  
 
Table 2-5-a. SSE for 5 f_BF VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
f_BF @ (rot/mL) f_BF @
Time (Day) 0.010 0.030 0.050 0.070 0.090 DATASET#2 0.01 0.03 0.05 0.07 0.09
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 941.43 941.12 940.80 940.48 940.15
0.50 952.21 951.23 950.22 949.18 948.13
0.75 963.65 961.69 959.65 957.55 955.45
1.00 975.30 972.04 968.59 965.08 961.62 951.00 590.49 442.68 309.41 198.25 112.78
1.25 981.80 976.93 971.78 966.61 961.62
1.50 993.78 987.03 979.94 972.96 966.34
1.75 1006.01 997.16 987.93 979.02 970.73
2.00 1018.46 1007.25 995.72 984.80 974.81 921.00 9498.45 7439.06 5583.08 4070.44 2895.52
2.25 1025.64 1011.84 997.87 984.91 973.22
2.50 1038.10 1021.26 1004.53 989.31 975.75
2.75 1050.42 1030.06 1010.25 992.60 977.09
3.00 1062.50 1038.05 1014.86 994.66 977.13 868.00 37830.25 28917.00 21567.86 16042.76 11909.36
3.25 1068.62 1039.81 1013.28 990.68 971.30
3.50 1080.59 1047.24 1017.48 992.61 971.47
3.75 1092.89 1055.13 1022.42 995.47 972.68
4.00 1105.58 1063.64 1028.23 999.31 974.95 949.00 24517.30 13142.33 6277.39 2531.10 673.40
4.25 1112.79 1066.94 1029.07 998.35 972.50
4.50 1125.58 1075.31 1034.62 1001.77 974.19
4.75 1137.99 1082.86 1039.08 1003.94 974.52
5.00 1149.86 1089.26 1042.14 1004.58 973.28 1059.00 8255.54 915.67 284.26 2961.54 7347.92
5.25 1154.91 1088.70 1038.43 998.72 965.79
5.50 1165.80 1093.50 1039.99 998.10 963.52
5.75 1176.47 1098.11 1041.59 997.67 961.52
6.00 1186.94 1102.69 1043.35 997.50 959.83 1028.00 25261.92 5578.60 235.62 930.25 4647.15  
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6.25 1190.83 1101.30 1039.59 992.08 953.11
6.50 1200.28 1105.02 1040.65 991.24 950.76
6.75 1208.78 1107.81 1040.82 989.53 947.58
7.00 1216.08 1109.48 1039.96 986.87 943.50 972.00 59575.05 18900.75 4618.56 221.12 812.25
7.25 1215.66 1104.40 1032.95 978.49 934.04
7.50 1221.19 1105.39 1031.89 975.91 930.23
7.75 1226.58 1106.95 1031.54 974.09 927.21
8.00 1232.16 1109.23 1031.99 973.07 924.98 961.00 73527.75 21972.13 5039.58 145.68 1297.44
8.25 1231.46 1106.25 1027.56 967.47 918.39
8.50 1237.10 1109.16 1028.57 966.95 916.60
8.75 1242.41 1111.87 1029.36 966.18 914.56
9.00 1247.23 1114.24 1029.80 965.09 912.23 986.00 68241.11 16445.50 1918.44 437.23 5442.01
9.25 1244.87 1110.33 1024.47 958.62 904.84
9.50 1248.62 1112.04 1024.38 957.10 902.17
9.75 1251.88 1113.47 1024.10 955.45 899.40
10.00 1254.62 1114.62 1023.63 953.66 896.53 1055.00 39848.14 3554.54 984.08 10269.80 25112.74
10.25 1250.28 1109.69 1017.65 946.79 888.92
10.50 1252.43 1110.68 1017.19 945.10 886.22
10.75 1254.52 1111.76 1016.86 943.57 883.68
11.00 1256.64 1112.95 1016.67 942.19 881.30 1077.00 32270.53 1292.40 3639.71 18173.74 38298.49
11.25 1252.19 1108.40 1011.27 936.01 874.45
11.50 1254.59 1109.94 1011.46 935.01 872.46
11.75 1257.19 1111.68 1011.83 934.20 870.66
12.00 1260.01 1113.60 1012.38 933.56 869.02 951.00 95487.18 26438.76 3767.50 304.15 6720.72
12.25 1256.24 1109.68 1007.62 928.03 862.84
12.50 1258.76 1111.32 1007.91 927.15 860.99
12.75 1260.69 1112.48 1007.78 925.88 858.78
13.00 1261.83 1113.04 1007.14 924.19 856.21 1015.00 60925.05 9611.84 61.78 8246.46 25214.26
13.25 1255.70 1107.34 1000.94 917.46 849.01
13.50 1256.63 1107.96 1000.54 916.12 846.85
13.75 1258.30 1109.23 1000.78 915.38 845.28
14.00 1260.88 1111.26 1001.69 915.26 844.27 1067.00 37589.45 1958.95 4265.40 23025.03 49608.65
14.25 1257.64 1108.04 997.85 910.77 839.23
14.50 1261.43 1110.92 999.43 911.22 838.71
14.75 1265.41 1113.87 1001.04 911.66 838.19
15.00 1269.43 1116.79 1002.60 912.06 837.63 1088.00 32916.84 828.86 7293.16 30954.88 62685.14
15.25 1266.61 1113.66 998.73 907.52 832.54
15.50 1270.13 1116.10 999.86 907.54 831.64
15.75 1273.09 1118.09 1000.62 907.23 830.47
16.00 1275.33 1119.54 1000.95 906.58 828.99 995.00 78584.91 15510.21 35.40 7818.10 27559.32
16.25 1270.08 1114.56 995.62 900.85 822.91
16.50 1271.03 1115.20 995.39 899.78 821.12
16.75 1271.50 1115.56 995.00 898.61 819.25
17.00 1271.51 1115.66 994.44 897.32 817.30 1061.00 44314.46 2987.72 4430.23 26791.14 59389.69
17.25 1264.44 1109.67 988.51 891.22 810.99
17.50 1263.86 1109.46 987.79 889.84 808.99
17.75 1263.07 1109.14 987.00 888.42 806.97
18.00 1262.07 1108.69 986.12 886.94 804.90 1006.00 65571.84 10545.24 395.21 14175.28 40441.21
18.25 1254.21 1102.24 979.95 880.72 798.55
18.50 1252.83 1101.52 978.89 879.11 796.40
18.75 1251.24 1100.63 977.71 877.42 794.19
19.00 1249.43 1099.58 976.42 875.64 791.91 944.00 93287.48 24205.14 1051.06 4673.09 23131.37
19.25 1241.13 1092.81 970.07 869.35 785.57
19.50 1240.46 1092.64 969.57 868.31 783.99
19.75 1241.06 1093.42 969.84 867.93 783.00
20.00 1242.98 1095.16 970.88 868.21 782.58 1023.00 48391.20 5207.07 2716.49 23959.94 57801.78
20.25 1239.57 1091.98 967.47 864.46 778.51
20.50 1243.66 1095.21 969.65 865.67 778.89
20.75 1248.53 1098.96 972.21 867.18 779.52
21.00 1254.08 1103.15 975.10 868.96 780.39 1119.00 18246.61 251.22 20707.21 62520.00 114656.73
21.25 1253.34 1101.66 972.91 866.18 777.14
21.50 1258.65 1105.37 975.25 867.41 777.48
21.75 1262.94 1108.13 976.75 867.89 777.15
22.00 1265.73 1109.64 977.24 867.53 776.09 956.00 95932.67 23605.25 451.14 7826.94 32367.61
22.25 1260.05 1103.97 971.56 861.79 770.30
22.50 1259.45 1103.14 970.35 860.14 768.21
22.75 1257.23 1101.33 968.50 858.01 765.76
23.00 1253.43 1098.60 966.03 855.44 762.96 695.00 311844.06 162892.96 73457.26 25740.99 4618.56
23.25 1242.23 1089.71 958.30 848.29 756.12
23.50 1238.87 1087.72 956.64 846.51 754.08
23.75 1237.38 1087.17 956.14 845.70 752.87
24.00 1237.95 1088.12 956.80 845.85 752.48 837.00 160760.90 63061.25 14352.04 78.32 7143.63
24.25 1233.29 1084.20 953.02 841.97 748.45
24.50 1234.26 1085.08 953.37 841.69 747.58
24.75 1233.29 1084.32 952.32 840.19 745.65
25.00 1229.43 1081.34 949.52 837.28 742.54 809.00 176761.38 74169.08 19745.87 799.76 4416.93  
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25.25 1216.38 1070.79 940.39 828.97 734.76
25.50 1209.67 1066.10 936.59 825.47 731.31
25.75 1203.89 1062.21 933.50 822.61 728.43
26.00 1199.56 1059.40 931.25 820.43 726.13 945.00 64800.79 13087.36 189.06 15517.68 47904.08
26.25 1190.32 1051.98 924.82 814.50 720.46
26.50 1188.32 1050.74 923.70 813.18 718.84
26.75 1186.97 1049.88 922.81 812.02 717.34
27.00 1186.13 1049.31 922.11 810.99 715.94 908.00 77356.30 19968.52 199.09 9410.94 36887.04
27.25 1179.58 1043.54 916.79 805.88 710.94
27.50 1180.21 1043.98 916.85 805.48 710.08
27.75 1181.78 1045.10 917.44 805.50 709.59
28.00 1184.29 1046.89 918.54 805.94 709.44 894.00 84268.28 23375.35 602.21 7754.56 34062.39
28.25 1181.40 1043.76 915.24 802.49 705.85
28.50 1185.50 1046.66 917.18 803.59 706.26
28.75 1190.25 1050.01 919.44 804.94 706.87
29.00 1195.57 1053.75 921.98 806.53 707.68 880.00 99584.42 30189.06 1762.32 5397.84 29694.18
29.25 1194.82 1052.00 919.68 803.84 704.72
29.50 1199.66 1055.06 921.53 804.76 704.91
29.75 1203.28 1056.99 922.41 804.87 704.41
30.00 1205.16 1057.47 922.15 804.06 703.15 797.00 166594.59 67844.62 15662.52 49.84 8807.82
30.25 1199.04 1051.22 916.23 798.44 697.77
30.50 1199.47 1051.06 915.78 797.68 696.68
30.75 1200.82 1051.90 916.23 797.69 696.26
31.00 1203.53 1053.93 917.67 798.52 696.53 813.00 152513.68 58047.26 10955.81 209.67 13565.26
31.25 1200.96 1051.24 914.89 795.61 693.49
31.50 1204.46 1053.77 916.57 796.53 693.76
31.75 1207.16 1055.55 917.58 796.85 693.51
32.00 1208.60 1056.28 917.73 796.48 692.67 765.00 196780.96 84844.04 23326.45 990.99 5231.63
32.25 1202.44 1050.57 912.41 791.43 687.83
32.50 1202.71 1050.64 912.21 790.89 686.94
32.75 1203.37 1051.16 912.43 790.72 686.38
Final 1204.67 1052.24 913.12 790.95 686.15 834.00 137396.25 47628.70 6259.97 1853.30 21859.62
SSE 2.68E+06 8.85E+05 2.62E+05 3.34E+05 8.12E+05
n = 34
Mean Ro = 945.94 284.9416 163.7495 89.1280 100.6164 156.8938
0.3012 0.1731 0.0942 0.1064 0.1659  
Further Calibration with Dataset #2 
Table 2-1-b. SSE for 5 b_R VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_R @ (rot/mL) b_R @
Time (Day) 0.010 0.020 0.030 0.040 0.050 DATASET#2 0.0100 0.0200 0.0300 0.0400 0.0500
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 949.63 947.26 944.90 942.54 940.19
0.50 967.95 963.13 958.33 953.55 948.80
0.75 986.44 979.08 971.78 964.54 957.34
1.00 1004.61 994.66 984.80 975.03 965.37 951.00 2874.03 1906.20 1142.44 577.44 206.50
1.25 1016.96 1004.40 992.00 979.75 967.65
1.50 1034.63 1019.36 1004.32 989.49 974.88
1.75 1052.30 1034.26 1016.53 999.09 981.95
2.00 1069.92 1049.06 1028.59 1008.52 988.83 921.00 22177.17 16399.36 11575.61 7659.75 4600.91
2.25 1081.59 1057.99 1034.89 1012.29 990.16
2.50 1098.21 1071.76 1045.92 1020.68 996.02
2.75 1113.89 1084.60 1056.04 1028.20 1001.06
3.00 1128.37 1096.30 1065.09 1034.71 1005.15 868.00 67792.54 52120.89 38844.47 27792.22 18810.12
3.25 1135.93 1101.32 1067.68 1034.98 1003.22
3.50 1150.03 1112.66 1076.38 1041.19 1007.04
3.75 1165.12 1124.89 1085.90 1048.13 1011.56
4.00 1181.36 1138.16 1096.35 1055.92 1016.84 949.00 53991.17 35781.51 21712.02 11431.89 4602.27
4.25 1191.96 1145.95 1101.50 1058.59 1017.17
4.50 1207.90 1158.92 1111.67 1066.11 1022.21
4.75 1222.35 1170.56 1120.63 1072.55 1026.28
5.00 1234.80 1180.44 1128.06 1077.64 1029.16 1059.00 30905.64 14747.67 4769.28 347.45 890.43
5.25 1238.86 1182.46 1128.11 1075.81 1025.53
5.50 1249.08 1190.42 1133.88 1079.48 1027.21
5.75 1259.34 1198.41 1139.70 1083.21 1028.95
6.00 1269.81 1206.60 1145.70 1087.11 1030.86 1028.00 58472.08 31897.96 13853.29 3493.99 8.18
6.25 1273.41 1208.30 1145.56 1085.22 1027.31
6.50 1282.54 1215.38 1150.65 1088.38 1028.62
6.75 1290.10 1221.15 1154.64 1090.62 1029.17
7.00 1295.85 1225.40 1157.36 1091.83 1028.87 972.00 104878.82 64211.56 34358.33 14359.23 3234.20  
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7.25 1293.59 1222.17 1153.14 1086.57 1022.57
7.50 1298.89 1226.03 1155.55 1087.54 1022.11
7.75 1305.29 1230.83 1158.76 1089.20 1022.25
8.00 1312.87 1236.65 1162.87 1091.62 1023.06 961.00 123812.50 75982.92 40751.50 17061.58 3851.44
8.25 1314.27 1236.63 1161.44 1088.83 1018.95
8.50 1322.35 1242.96 1166.04 1091.73 1020.20
8.75 1329.78 1248.79 1170.27 1094.34 1021.24
9.00 1336.39 1253.98 1173.98 1096.57 1021.98 986.00 122773.15 71813.28 35336.48 12225.72 1294.56
9.25 1335.18 1251.91 1170.99 1092.61 1017.03
9.50 1340.54 1256.08 1173.91 1094.22 1017.32
9.75 1345.43 1259.86 1176.52 1095.60 1017.43
10.00 1349.85 1263.26 1178.83 1096.76 1017.39 1055.00 86936.52 43372.23 15333.87 1743.90 1414.51
10.25 1346.84 1259.74 1174.72 1091.97 1011.87
10.50 1351.08 1263.00 1176.93 1093.08 1011.81
10.75 1355.46 1266.39 1179.27 1094.29 1011.87
11.00 1359.97 1269.90 1181.72 1095.63 1012.04 1077.00 80072.02 37210.41 10966.28 347.08 4219.80
11.25 1357.48 1266.87 1178.08 1091.31 1006.98
11.50 1362.46 1270.80 1180.91 1092.97 1007.45
11.75 1367.65 1274.94 1183.93 1094.81 1008.07
12.00 1373.05 1279.26 1187.11 1096.80 1008.83 951.00 178126.20 107754.63 55747.93 21257.64 3344.31
12.25 1371.09 1276.77 1184.01 1093.01 1004.29
12.50 1375.60 1280.42 1186.70 1094.65 1004.80
12.75 1379.03 1283.21 1188.72 1095.78 1004.95
13.00 1381.30 1285.04 1190.00 1096.34 1004.66 1015.00 134175.69 72921.60 30625.00 6616.20 106.92
13.25 1375.80 1279.66 1184.62 1090.81 998.84
13.50 1378.69 1281.94 1186.21 1091.62 998.76
13.75 1382.89 1285.29 1188.67 1093.11 999.22
14.00 1388.41 1289.75 1192.03 1095.33 1000.27 1067.00 103304.39 49617.56 15632.50 802.59 4452.89
14.25 1387.54 1288.21 1189.78 1092.32 996.48
14.50 1394.11 1293.61 1193.95 1095.22 998.08
14.75 1400.50 1298.90 1198.07 1098.11 999.68
15.00 1406.60 1303.98 1202.06 1100.91 1001.24 1088.00 101505.96 46647.36 13009.68 166.67 7527.30
15.25 1404.82 1301.83 1199.43 1097.71 997.39
15.50 1409.68 1305.94 1202.68 1099.97 998.56
15.75 1413.56 1309.27 1205.32 1101.78 999.41
16.00 1416.40 1311.75 1207.31 1103.09 999.89 995.00 177577.96 100330.56 45075.54 11683.45 23.91
16.25 1410.92 1306.59 1202.34 1098.14 994.77
16.50 1412.53 1308.02 1203.47 1098.80 994.78
16.75 1413.75 1309.12 1204.33 1099.25 994.64
17.00 1414.60 1309.91 1204.94 1099.52 994.37 1061.00 125032.96 61956.19 20718.72 1483.79 4439.56
17.25 1407.73 1303.55 1199.00 1093.82 988.73
17.50 1408.21 1304.01 1199.33 1093.87 988.31
17.75 1408.48 1304.29 1199.53 1093.82 987.81
18.00 1408.52 1304.38 1199.57 1093.65 987.24 1006.00 162022.35 89030.62 37469.34 7682.52 351.94
18.25 1400.93 1297.41 1193.12 1087.59 981.37
18.50 1400.55 1297.13 1192.85 1087.18 980.62
18.75 1399.87 1296.60 1192.39 1086.62 979.77
19.00 1398.86 1295.80 1191.71 1085.90 978.81 944.00 206897.62 123763.24 61360.24 20135.61 1211.74
19.25 1390.82 1288.41 1184.90 1079.55 972.75
19.50 1391.83 1289.22 1185.45 1079.76 972.47
19.75 1394.59 1291.46 1187.15 1080.84 972.86
20.00 1399.03 1295.10 1189.98 1082.82 973.92 1023.00 141398.56 74038.41 27882.32 3578.43 2408.85
20.25 1397.51 1293.10 1187.50 1079.84 970.42
20.50 1404.28 1298.72 1191.94 1083.08 972.45
20.75 1411.74 1304.94 1196.90 1086.74 974.81
21.00 1419.82 1311.70 1202.30 1090.77 977.45 1119.00 90492.67 37133.29 6938.89 796.93 20036.40
21.25 1420.31 1311.50 1201.37 1089.07 974.99
21.50 1426.52 1316.85 1205.75 1092.37 977.12
21.75 1430.32 1320.30 1208.69 1094.61 978.49
22.00 1431.41 1321.57 1209.95 1095.61 978.98 956.00 226014.67 133641.42 64490.60 19490.95 528.08
22.25 1422.59 1313.88 1203.23 1089.63 973.44
22.50 1419.90 1311.91 1201.86 1088.63 972.49
22.75 1415.92 1308.80 1199.54 1086.88 970.99
23.00 1410.71 1304.63 1196.32 1084.42 968.97 695.00 512240.80 371648.74 251321.74 151647.94 75059.56
23.25 1398.22 1293.58 1186.70 1076.10 961.68
23.50 1395.90 1291.59 1185.05 1074.71 960.38
23.75 1396.44 1291.96 1185.26 1074.72 960.08
24.00 1399.71 1294.60 1187.28 1076.12 960.80 837.00 316642.54 209397.76 122696.08 57178.37 15326.44
24.25 1396.63 1291.36 1183.86 1072.51 956.97
24.50 1398.16 1292.81 1185.10 1073.40 957.36
24.75 1395.68 1291.06 1183.90 1072.50 956.48




25.25 1372.08 1271.14 1167.50 1059.16 945.46
25.50 1364.45 1264.67 1162.24 1055.03 942.21
25.75 1358.99 1259.96 1158.30 1051.83 939.59
26.00 1355.64 1257.01 1155.76 1049.68 937.70 945.00 168625.21 97350.24 44419.78 10957.90 53.29
26.25 1346.81 1248.84 1148.27 1042.87 931.50
26.50 1345.82 1247.93 1147.42 1042.02 930.56
26.75 1345.22 1247.37 1146.87 1041.43 929.82
27.00 1344.90 1247.07 1146.55 1041.03 929.22 908.00 190881.61 114968.46 56906.10 17696.98 450.29
27.25 1338.08 1240.67 1140.56 1035.41 923.93
27.50 1339.58 1241.85 1141.41 1035.90 923.99
27.75 1342.28 1244.03 1143.07 1037.02 924.52
28.00 1346.13 1247.18 1145.51 1038.74 925.50 894.00 204421.54 124736.11 63257.28 20949.67 992.25
28.25 1343.91 1244.61 1142.60 1035.52 921.99
28.50 1349.59 1249.31 1146.30 1038.22 923.70
28.75 1355.91 1254.55 1150.46 1041.30 925.69
29.00 1362.82 1260.29 1155.03 1044.70 927.94 880.00 233115.15 144620.48 75641.50 27126.09 2298.24
29.25 1362.33 1259.27 1153.46 1042.58 925.29
29.50 1366.94 1263.27 1156.74 1045.05 926.89
29.75 1368.72 1265.03 1158.32 1046.29 927.61
30.00 1367.35 1264.23 1157.92 1046.07 927.31 797.00 325299.12 218303.87 130263.25 62035.86 16980.70
30.25 1357.24 1255.36 1150.23 1039.40 921.44
30.50 1356.47 1254.76 1149.80 1039.07 921.05
30.75 1358.30 1256.25 1150.97 1039.90 921.47
31.00 1362.68 1259.84 1153.80 1041.98 922.78 813.00 302148.10 199665.99 116144.64 52431.84 12051.65
31.25 1361.22 1257.94 1151.50 1039.31 919.79
31.50 1365.63 1261.71 1154.56 1041.62 921.28
31.75 1367.88 1263.81 1156.38 1043.03 922.15
32.00 1367.65 1263.91 1156.67 1043.33 922.25 765.00 363187.02 248911.19 153405.39 77467.59 24727.56
32.25 1358.81 1256.11 1149.85 1037.35 916.92
32.50 1358.20 1255.71 1149.64 1037.25 916.75
32.75 1358.88 1256.33 1150.19 1037.68 916.95
Final 1360.89 1258.00 1151.56 1038.72 917.58 834.00 277613.07 179776.00 100844.35 41910.28 6985.62
SSE 5.63E+06 3.48E+06 1.86E+06 7.78E+05 2.64E+05
n = 34
Mean Ro = 945.94 413.1010 324.6824 237.4090 153.5402 89.3640
0.4367 0.3432 0.2510 0.1623 0.0945  
 
 
Table 2-2-b. SSE for 5 Y_Rot VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
Y @ (rot/mL) Y @
Time (Day) 1667.000 1717.000 1767.000 1817.000 1867.000 DATASET#2 1667.00 1717.00 1767.00 1817.00 1867.00
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 940.12 940.15 940.19 940.21 940.24
0.50 948.62 948.71 948.80 948.88 948.95
0.75 957.01 957.18 957.34 957.49 957.63
1.00 964.82 965.10 965.37 965.61 965.84 951.00 190.99 198.81 206.50 213.45 220.23
1.25 966.83 967.26 967.65 968.01 968.35
1.50 973.76 974.35 974.88 975.38 975.84
1.75 980.49 981.25 981.95 982.60 983.19
2.00 987.00 987.96 988.83 989.64 990.38 921.00 4356.00 4483.64 4600.91 4711.45 4813.58
2.25 987.94 989.10 990.16 991.14 992.04
2.50 993.34 994.74 996.02 997.21 998.29
2.75 997.84 999.52 1001.06 1002.48 1003.79
3.00 1001.29 1003.30 1005.15 1006.84 1008.40 868.00 17766.22 18306.09 18810.12 19276.55 19712.16
3.25 998.70 1001.06 1003.22 1005.20 1007.03
3.50 1001.87 1004.57 1007.04 1009.31 1011.41
3.75 1005.79 1008.80 1011.56 1014.09 1016.43
4.00 1010.54 1013.82 1016.84 1019.61 1022.17 949.00 3787.17 4201.63 4602.27 4985.77 5353.85
4.25 1010.40 1013.93 1017.17 1020.16 1022.91
4.50 1014.89 1018.71 1022.21 1025.44 1028.42
4.75 1018.34 1022.48 1026.28 1029.79 1033.03
5.00 1020.49 1025.00 1029.16 1032.99 1036.53 1059.00 1483.02 1156.00 890.43 676.52 504.90
5.25 1016.11 1021.01 1025.53 1029.70 1033.56
5.50 1016.97 1022.30 1027.21 1031.74 1035.94
5.75 1017.92 1023.66 1028.95 1033.85 1038.38




6.25 1014.83 1021.31 1027.31 1032.87 1038.03
6.50 1015.36 1022.24 1028.62 1034.54 1040.04
6.75 1015.09 1022.39 1029.17 1035.47 1041.33
7.00 1013.91 1021.66 1028.87 1035.57 1041.81 972.00 1756.45 2466.12 3234.20 4041.14 4873.44
7.25 1006.81 1014.97 1022.57 1029.64 1036.23
7.50 1005.52 1014.11 1022.11 1029.57 1036.53
7.75 1004.90 1013.88 1022.25 1030.08 1037.38
8.00 1004.99 1014.33 1023.06 1031.22 1038.85 961.00 1935.12 2844.09 3851.44 4930.85 6060.62
8.25 1000.30 1009.94 1018.95 1027.38 1035.27
8.50 1000.89 1010.86 1020.20 1028.94 1037.14
8.75 1001.26 1011.57 1021.24 1030.30 1038.80
9.00 1001.32 1011.98 1021.98 1031.37 1040.18 986.00 234.70 674.96 1294.56 2058.44 2935.47
9.25 995.81 1006.75 1017.03 1026.69 1035.77
9.50 995.42 1006.70 1017.32 1027.30 1036.69
9.75 994.86 1006.49 1017.43 1027.74 1037.44
10.00 994.15 1006.11 1017.39 1028.01 1038.02 1055.00 3702.72 2390.23 1414.51 728.46 288.32
10.25 988.11 1000.33 1011.87 1022.75 1033.01
10.50 987.43 999.97 1011.81 1023.00 1033.57
10.75 986.87 999.72 1011.87 1023.35 1034.21
11.00 986.45 999.59 1012.04 1023.81 1034.95 1077.00 8199.30 5992.31 4219.80 2829.18 1768.20
11.25 980.95 994.32 1006.98 1018.98 1030.34
11.50 980.86 994.51 1007.45 1019.72 1031.35
11.75 980.94 994.85 1008.07 1020.61 1032.50
12.00 981.16 995.35 1008.83 1021.63 1033.78 951.00 909.63 1966.92 3344.31 4988.60 6852.53
12.25 976.25 990.62 1004.29 1017.28 1029.62
12.50 976.25 990.88 1004.80 1018.05 1030.65
12.75 975.87 990.76 1004.95 1018.45 1031.31
13.00 975.06 990.21 1004.66 1018.42 1031.54 1015.00 1595.20 614.54 106.92 11.70 273.57
13.25 968.88 984.21 998.84 1012.78 1026.08
13.50 968.32 983.89 998.76 1012.95 1026.50
13.75 968.31 984.12 999.22 1013.65 1027.43
14.00 968.91 984.94 1000.27 1014.92 1028.93 1067.00 9621.65 6733.84 4452.89 2712.33 1449.32
14.25 964.85 981.01 996.48 1011.27 1025.43
14.50 966.02 982.39 998.08 1013.09 1027.46
14.75 967.20 983.79 999.68 1014.91 1029.49
15.00 968.34 985.13 1001.24 1016.68 1031.47 1088.00 14318.52 10582.24 7527.30 5086.54 3195.64
15.25 964.24 981.16 997.39 1012.95 1027.88
15.50 965.00 982.12 998.56 1014.34 1029.47
15.75 965.44 982.76 999.41 1015.40 1030.74
16.00 965.51 983.04 999.89 1016.09 1031.64 995.00 869.66 143.04 23.91 444.79 1342.49
16.25 960.17 977.81 994.77 1011.09 1026.77
16.50 959.78 977.61 994.78 1011.30 1027.18
16.75 959.26 977.28 994.64 1011.36 1027.45
17.00 958.60 976.81 994.37 1011.28 1027.58 1061.00 10485.76 7087.96 4439.56 2472.08 1116.90
17.25 952.79 971.08 988.73 1005.75 1022.15
17.50 952.00 970.47 988.31 1005.51 1022.11
17.75 951.15 969.80 987.81 1005.20 1021.99
18.00 950.23 969.05 987.24 1004.81 1021.78 1006.00 3110.29 1365.30 351.94 1.42 249.01
18.25 944.22 963.10 981.37 999.03 1016.09
18.50 943.15 962.19 980.62 998.45 1015.69
18.75 941.98 961.18 979.77 997.77 1015.18
19.00 940.71 960.05 978.81 996.97 1014.55 944.00 10.82 257.60 1211.74 2805.82 4977.30
19.25 934.55 953.94 972.75 990.97 1008.62
19.50 933.98 953.52 972.47 990.85 1008.66
19.75 934.07 953.75 972.86 991.39 1009.36
20.00 934.84 954.66 973.92 992.61 1010.74 1023.00 7772.19 4670.36 2408.85 923.55 150.31
20.25 931.25 951.11 970.42 989.16 1007.36
20.50 932.98 953.00 972.45 991.36 1009.70
20.75 935.03 955.20 974.81 993.87 1012.38
21.00 937.37 957.69 977.45 996.67 1015.34 1119.00 32989.46 26020.92 20036.40 14964.63 10745.40
21.25 934.81 955.17 974.99 994.26 1012.98
21.50 936.65 957.16 977.12 996.54 1015.42
21.75 937.74 958.39 978.49 998.06 1017.10
22.00 937.96 958.74 978.98 998.69 1017.87 956.00 325.44 7.51 528.08 1822.44 3827.90
22.25 932.38 953.17 973.44 993.18 1012.40
22.50 931.19 952.10 972.49 992.35 1011.71
22.75 929.48 950.49 970.99 990.98 1010.46
23.00 927.25 948.36 968.97 989.07 1008.67 695.00 53940.06 64191.29 75059.56 86477.16 98388.87  
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23.25 920.00 941.09 961.68 981.79 1001.40
23.50 918.50 939.68 960.38 980.59 1000.32
23.75 917.99 939.27 960.08 980.41 1000.26
24.00 918.48 939.88 960.80 981.25 1001.22 837.00 6638.99 10584.29 15326.44 20808.06 26968.21
24.25 914.64 936.04 956.97 977.44 997.44
24.50 914.82 936.32 957.36 977.94 998.05
24.75 913.75 935.34 956.48 977.16 997.38
25.00 911.20 932.85 954.07 974.83 995.15 809.00 10444.84 15338.82 21045.30 27499.59 34651.82
25.25 902.71 924.30 945.46 966.19 986.48
25.50 899.35 920.99 942.21 963.00 983.37
25.75 896.61 918.31 939.59 960.45 980.89
26.00 894.60 916.35 937.70 958.64 979.15 945.00 2540.16 820.82 53.29 186.05 1166.22
26.25 888.49 910.20 931.50 952.40 972.89
26.50 887.42 909.18 930.56 951.54 972.11
26.75 886.53 908.37 929.82 950.87 971.54
27.00 885.80 907.70 929.22 950.36 971.10 908.00 492.84 0.09 450.29 1794.37 3981.61
27.25 880.59 902.45 923.93 945.03 965.75
27.50 880.51 902.43 923.99 945.18 965.99
27.75 880.87 902.87 924.52 945.79 966.70
28.00 881.67 903.76 925.50 946.87 967.87 894.00 152.03 95.26 992.25 2795.24 5456.78
28.25 878.21 900.28 921.99 943.35 964.34
28.50 879.72 901.89 923.70 945.16 966.26
28.75 881.51 903.78 925.69 947.26 968.46
29.00 883.54 905.91 927.94 949.61 970.93 880.00 12.53 671.33 2298.24 4845.55 8268.26
29.25 880.92 903.28 925.29 946.96 968.28
29.50 882.33 904.78 926.89 948.66 970.07
29.75 882.89 905.42 927.61 949.46 970.97
30.00 882.47 905.06 927.31 949.23 970.81 797.00 7305.12 11676.96 16980.70 23173.97 30209.92
30.25 876.74 899.25 921.44 943.30 964.83
30.50 876.24 898.80 921.05 942.97 964.57
30.75 876.52 899.15 921.47 943.47 965.15
31.00 877.67 900.38 922.78 944.87 966.64 813.00 4182.21 7635.26 12051.65 17389.70 23605.25
31.25 874.72 897.41 919.79 941.85 963.61
31.50 876.04 898.81 921.28 943.44 965.28
31.75 876.76 899.60 922.15 944.38 966.31
32.00 876.75 899.65 922.25 944.55 966.55 765.00 12488.06 18130.62 24727.56 32238.20 40622.40
32.25 871.57 894.39 916.92 939.16 961.10
32.50 871.29 894.16 916.75 939.05 961.05
32.75 871.38 894.30 916.95 939.31 961.38
Final 871.87 894.87 917.58 940.01 962.16 834.00 1434.14 3705.16 6985.62 11238.12 16424.99
SSE 2.25E+05 2.35E+05 2.64E+05 3.09E+05 3.71E+05
n = 34 BEST
Mean Ro = 945.94 82.5963 84.3912 89.3640 96.7968 105.9765
0.0873 0.0892 0.0945 0.1023 0.1120  
 
Table 2-3-b. SSE for 5 K_A VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
K_A @ (rot/mL) K_A @
Time (Day) 2.220 2.720 3.220 3.720 4.220 DATASET#2 2.22 2.72 3.22 3.72 4.22
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 941.87 940.96 940.12 939.35 938.64
0.50 951.88 950.19 948.62 947.17 945.82
0.75 961.83 959.33 957.01 954.85 952.84
1.00 971.35 967.96 964.82 961.89 959.16 951.00 414.12 287.64 190.99 118.59 66.59
1.25 975.16 970.83 966.83 963.11 959.63
1.50 983.95 978.66 973.76 969.21 964.96
1.75 992.61 986.30 980.49 975.09 970.06
2.00 1001.10 993.76 987.00 980.74 974.91 921.00 6416.01 5294.02 4356.00 3568.87 2906.29
2.25 1004.02 995.64 987.94 980.81 974.18
2.50 1011.60 1002.07 993.34 985.27 977.78
2.75 1018.41 1007.66 997.84 988.79 980.39
3.00 1024.27 1012.25 1001.29 991.22 981.90 868.00 24420.31 20808.06 17766.22 15183.17 12973.21
3.25 1023.94 1010.71 998.70 987.68 977.50
3.50 1029.41 1014.96 1001.87 989.89 978.84
3.75 1035.55 1019.92 1005.79 992.88 980.99
4.00 1042.46 1025.68 1010.54 996.73 984.02 949.00 8734.77 5879.82 3787.17 2278.15 1226.40
4.25 1044.33 1026.48 1010.40 995.75 982.27
4.50 1051.09 1032.04 1014.89 999.29 984.95
4.75 1056.89 1036.58 1018.34 1001.76 986.55
5.00 1061.42 1039.84 1020.49 1002.92 986.83 1059.00 5.86 367.11 1483.02 3144.97 5208.51  
 
 242
5.25 1059.13 1036.43 1016.11 997.68 980.82
5.50 1062.22 1038.33 1016.97 997.64 979.95
5.75 1065.34 1040.29 1017.92 997.69 979.21
6.00 1068.62 1042.42 1019.07 997.96 978.68 1028.00 1649.98 207.94 79.74 902.40 2432.46
6.25 1066.25 1039.05 1014.83 992.95 972.99
6.50 1068.89 1040.56 1015.36 992.61 971.88
6.75 1070.65 1041.24 1015.09 991.50 970.01
7.00 1071.39 1040.96 1013.91 989.53 967.32 972.00 9878.37 4755.48 1756.45 307.30 21.90
7.25 1065.76 1034.55 1006.81 981.81 959.04
7.50 1066.22 1034.08 1005.52 979.79 956.36
7.75 1067.38 1034.29 1004.90 978.42 954.33
8.00 1069.29 1035.24 1004.99 977.77 952.99 961.00 11726.72 5511.58 1935.12 281.23 64.16
8.25 1066.12 1031.25 1000.30 972.45 947.13
8.50 1068.56 1032.70 1000.89 972.28 946.27
8.75 1070.73 1033.91 1001.26 971.90 945.23
9.00 1072.52 1034.78 1001.32 971.25 943.92 986.00 7485.71 2379.49 234.70 217.56 1770.73
9.25 1068.28 1029.87 995.81 965.19 937.39
9.50 1069.48 1030.22 995.42 964.13 935.72
9.75 1070.46 1030.40 994.86 962.93 933.93
10.00 1071.23 1030.39 994.15 961.59 932.02 1055.00 263.41 605.65 3702.72 8725.43 15124.08
10.25 1066.20 1024.83 988.11 955.11 925.14
10.50 1066.93 1024.81 987.43 953.82 923.31
10.75 1067.77 1024.92 986.87 952.67 921.61
11.00 1068.73 1025.15 986.45 951.64 920.05 1077.00 68.39 2688.42 8199.30 15715.13 24633.30
11.25 1064.18 1020.11 980.95 945.74 913.78
11.50 1065.48 1020.67 980.86 945.06 912.56
11.75 1066.95 1021.41 980.94 944.54 911.51
12.00 1068.58 1022.30 981.16 944.18 910.61 951.00 13825.06 5083.69 909.63 46.51 1631.35
12.25 1064.58 1017.82 976.25 938.87 904.95
12.50 1065.91 1018.45 976.25 938.30 903.86
12.75 1066.76 1018.66 975.87 937.38 902.45
13.00 1067.05 1018.39 975.06 936.07 900.68 1015.00 2709.20 11.49 1595.20 6229.94 13069.06
13.25 1061.40 1012.48 968.88 929.64 894.00
13.50 1061.90 1012.43 968.32 928.59 892.51
13.75 1063.07 1012.99 968.31 928.08 891.54
14.00 1064.92 1014.18 968.91 928.13 891.11 1067.00 4.33 2789.95 9621.65 19284.88 30937.29
14.25 1061.71 1010.51 964.85 923.72 886.38
14.50 1064.25 1012.33 966.02 924.31 886.46
14.75 1066.79 1014.15 967.20 924.92 886.55
15.00 1069.25 1015.92 968.34 925.50 886.62 1088.00 351.56 5195.53 14318.52 26406.25 40553.90
15.25 1065.91 1012.18 964.24 921.08 881.91
15.50 1067.88 1013.52 965.00 921.31 881.66
15.75 1069.44 1014.50 965.44 921.25 881.15
16.00 1070.52 1015.07 965.51 920.86 880.34 995.00 5703.27 402.80 869.66 5496.74 13146.92
16.25 1065.52 1009.91 960.17 915.33 874.62
16.50 1065.97 1009.94 959.78 914.53 873.44
16.75 1066.23 1009.81 959.26 913.62 872.17
17.00 1066.30 1009.53 958.60 912.60 870.80 1061.00 28.09 2649.16 10485.76 22022.56 36176.04
17.25 1060.61 1003.81 952.79 906.68 864.76
17.50 1060.49 1003.36 952.00 905.54 863.29
17.75 1060.27 1002.85 951.15 904.37 861.80
18.00 1059.95 1002.24 950.23 903.13 860.26 1006.00 2910.60 14.14 3110.29 10582.24 21240.15
18.25 1053.92 996.26 944.22 897.06 854.11
18.50 1053.39 995.47 943.15 895.69 852.45
18.75 1052.72 994.58 941.98 894.24 850.72
19.00 1051.91 993.55 940.71 892.70 848.91 944.00 11644.57 2455.20 10.82 2631.69 9042.11
19.25 1045.64 987.38 934.55 886.53 842.71
19.50 1045.69 987.12 933.98 885.64 841.52
19.75 1046.59 987.61 934.07 885.37 840.91
20.00 1048.31 988.83 934.84 885.71 840.86 1023.00 640.60 1167.59 7772.19 18848.54 33174.98
20.25 1045.23 985.48 931.25 881.90 836.87
20.50 1048.18 987.78 932.98 883.14 837.65
20.75 1051.50 990.43 935.03 884.66 838.71
21.00 1055.16 993.38 937.37 886.45 840.01 1119.00 4075.55 15780.38 32989.46 54079.50 77835.42
21.25 1053.32 991.16 934.81 883.60 836.91
21.50 1056.38 993.57 936.65 884.92 837.77
21.75 1058.48 995.15 937.74 885.56 838.00




22.25 1053.60 990.09 932.38 879.87 831.95
22.50 1052.59 989.05 931.19 878.49 830.36
22.75 1050.86 987.39 929.48 876.64 828.36
23.00 1048.44 985.14 927.25 874.35 825.97 695.00 124919.83 84181.22 53940.06 32166.42 17153.14
23.25 1040.31 977.54 920.00 867.34 819.13
23.50 1038.88 976.11 918.50 865.72 817.35
23.75 1038.78 975.82 917.99 864.98 816.39
24.00 1040.00 976.67 918.48 865.15 816.25 837.00 41209.00 19507.71 6638.99 792.42 430.56
24.25 1036.43 972.95 914.64 861.19 812.19
24.50 1037.32 973.48 914.82 861.03 811.72
24.75 1036.53 972.59 913.75 859.77 810.24
25.00 1033.64 969.95 911.20 857.19 807.60 809.00 50463.13 25904.90 10444.84 2322.28 1.96
25.25 1023.70 960.87 902.71 849.13 799.84
25.50 1019.67 957.27 899.35 845.88 796.64
25.75 1016.55 954.40 896.61 843.19 793.94
26.00 1014.47 952.39 894.60 841.13 791.80 945.00 4826.08 54.61 2540.16 10788.98 23470.24
26.25 1007.90 946.08 888.49 835.18 785.97
26.50 1007.12 945.16 887.42 833.93 784.55
26.75 1006.58 944.46 886.53 832.86 783.29
27.00 1006.23 943.92 885.80 831.93 782.16 908.00 9649.13 1290.25 492.84 5786.64 15835.71
27.25 1000.82 938.63 880.59 826.78 777.06
27.50 1001.30 938.82 880.51 826.43 776.46
27.75 1002.36 939.51 880.87 826.49 776.24
28.00 1003.99 940.70 881.67 826.94 776.37 894.00 12097.80 2180.89 152.03 4497.04 13836.82
28.25 1000.82 937.37 878.21 823.38 772.73
28.50 1003.36 939.36 879.72 824.47 773.45
28.75 1006.24 941.65 881.51 825.81 774.39
29.00 1009.41 944.22 883.54 827.38 775.55 880.00 16746.95 4124.21 12.53 2768.86 10909.80
29.25 1007.29 941.82 880.92 824.58 772.61
29.50 1009.70 943.69 882.33 825.57 773.22
29.75 1010.98 944.61 882.89 825.81 773.15
30.00 1010.89 944.38 882.47 825.18 772.31 797.00 45748.93 21720.86 7305.12 794.11 609.60
30.25 1004.52 938.39 876.74 819.64 766.91
30.50 1004.20 938.00 876.24 818.98 766.09
30.75 1004.97 938.53 876.52 819.02 765.90
31.00 1006.88 940.04 877.67 819.83 766.40 813.00 37589.45 16139.16 4182.21 46.65 2171.56
31.25 1004.23 937.22 874.72 816.79 763.28
31.50 1006.46 938.97 876.04 817.72 763.87
31.75 1007.88 940.03 876.76 818.12 763.97
32.00 1008.27 940.23 876.75 817.88 763.50 765.00 59180.29 30705.55 12488.06 2796.29 2.25
32.25 1002.55 934.83 871.57 812.87 758.61
32.50 1002.45 934.67 871.29 812.43 758.02
32.75 1002.82 934.92 871.38 812.34 757.73
Final 1003.73 935.63 871.87 812.61 757.78 834.00 28808.27 10328.66 1434.14 457.53 5809.49
SSE 5.55E+05 3.02E+05 2.25E+05 2.84E+05 4.48E+05
n = 34 BEST
Mean Ro = 945.94 129.6720 95.6719 82.5963 92.8128 116.4505




Table 2-4-b. SSE for 5 b_A VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_A @ (rot/mL) b_A @
Time (Day) 0.020 0.030 0.040 0.050 0.060 DATASET#2 0.02 0.03 0.04 0.05 0.06
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 940.13 940.13 940.12 940.12 940.11
0.50 948.65 948.64 948.62 948.61 948.60
0.75 957.06 957.04 957.01 956.98 956.96
1.00 964.91 964.86 964.82 964.77 964.73 951.00 193.49 192.10 190.99 189.61 188.51
1.25 966.97 966.90 966.83 966.77 966.70
1.50 973.94 973.85 973.76 973.67 973.58
1.75 980.72 980.60 980.49 980.38 980.26
2.00 987.28 987.14 987.00 986.87 986.73 921.00 4393.04 4374.50 4356.00 4338.86 4320.43
2.25 988.27 988.10 987.94 987.77 987.61
2.50 993.73 993.54 993.34 993.14 992.95
2.75 998.29 998.07 997.84 997.61 997.39
3.00 1001.81 1001.55 1001.29 1001.03 1000.77 868.00 17905.12 17835.60 17766.22 17696.98 17627.87  
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3.25 999.29 998.99 998.70 998.41 998.12
3.50 1002.52 1002.20 1001.87 1001.55 1001.23
3.75 1006.49 1006.14 1005.79 1005.44 1005.09
4.00 1011.30 1010.92 1010.54 1010.17 1009.79 949.00 3881.29 3834.09 3787.17 3741.77 3695.42
4.25 1011.21 1010.80 1010.40 1010.00 1009.61
4.50 1015.75 1015.32 1014.89 1014.47 1014.04
4.75 1019.26 1018.80 1018.34 1017.88 1017.43
5.00 1021.47 1020.98 1020.49 1020.00 1019.51 1059.00 1408.50 1445.52 1483.02 1521.00 1559.46
5.25 1017.15 1016.63 1016.11 1015.59 1015.07
5.50 1018.08 1017.52 1016.97 1016.42 1015.87
5.75 1019.09 1018.50 1017.92 1017.35 1016.77
6.00 1020.28 1019.67 1019.07 1018.46 1017.86 1028.00 59.60 69.39 79.74 91.01 102.82
6.25 1016.09 1015.46 1014.83 1014.20 1013.57
6.50 1016.67 1016.01 1015.36 1014.70 1014.05
6.75 1016.45 1015.77 1015.09 1014.40 1013.73
7.00 1015.33 1014.62 1013.91 1013.20 1012.50 972.00 1877.49 1816.46 1756.45 1697.44 1640.25
7.25 1008.27 1007.54 1006.81 1006.08 1005.36
7.50 1007.03 1006.28 1005.52 1004.77 1004.03
7.75 1006.45 1005.67 1004.90 1004.13 1003.36
8.00 1006.58 1005.79 1004.99 1004.20 1003.41 961.00 2077.54 2006.14 1935.12 1866.24 1798.61
8.25 1001.93 1001.11 1000.30 999.49 998.69
8.50 1002.56 1001.72 1000.89 1000.06 999.23
8.75 1002.97 1002.11 1001.26 1000.41 999.56
9.00 1003.08 1002.20 1001.32 1000.45 999.58 986.00 291.73 262.44 234.70 208.80 184.42
9.25 997.60 996.70 995.81 994.92 994.03
9.50 997.24 996.33 995.42 994.50 993.60
9.75 996.73 995.80 994.86 993.93 993.01
10.00 996.06 995.11 994.15 993.20 992.26 1055.00 3473.92 3586.81 3702.72 3819.24 3936.31
10.25 990.05 989.08 988.11 987.15 986.19
10.50 989.40 988.41 987.43 986.45 985.47
10.75 988.88 987.88 986.87 985.88 984.88
11.00 988.49 987.46 986.45 985.43 984.42 1077.00 7834.02 8017.41 8199.30 8385.06 8571.06
11.25 983.02 981.98 980.95 979.92 978.90
11.50 982.96 981.91 980.86 979.82 978.77
11.75 983.07 982.00 980.94 979.87 978.81
12.00 983.33 982.25 981.16 980.09 979.01 951.00 1045.23 976.56 909.63 846.23 784.56
12.25 978.44 977.34 976.25 975.16 974.07
12.50 978.47 977.36 976.25 975.14 974.04
12.75 978.13 977.00 975.87 974.75 973.62
13.00 977.35 976.20 975.06 973.92 972.78 1015.00 1417.52 1505.44 1595.20 1687.57 1782.53
13.25 971.19 970.04 968.88 967.74 966.59
13.50 970.65 969.48 968.32 967.15 966.00
13.75 970.68 969.49 968.31 967.14 965.97
14.00 971.30 970.10 968.91 967.72 966.53 1067.00 9158.49 9389.61 9621.65 9856.52 10094.22
14.25 967.26 966.05 964.85 963.65 962.45
14.50 968.46 967.24 966.02 964.80 963.59
14.75 969.68 968.44 967.20 965.97 964.74
15.00 970.85 969.59 968.34 967.09 965.84 1088.00 13724.12 14020.93 14318.52 14619.23 14923.07
15.25 966.77 965.50 964.24 962.98 961.73
15.50 967.56 966.28 965.00 963.73 962.46
15.75 968.03 966.73 965.44 964.15 962.86
16.00 968.13 966.82 965.51 964.21 962.91 995.00 722.00 794.11 869.66 948.02 1029.77
16.25 962.81 961.49 960.17 958.86 957.55
16.50 962.44 961.11 959.78 958.46 957.14
16.75 961.94 960.60 959.26 957.92 956.59
17.00 961.31 959.95 958.60 957.26 955.91 1061.00 9938.10 10211.10 10485.76 10761.99 11043.91
17.25 955.50 954.14 952.79 951.44 950.09
17.50 954.73 953.36 952.00 950.64 949.28
17.75 953.90 952.52 951.15 949.78 948.42
18.00 953.00 951.62 950.23 948.86 947.48 1006.00 2809.00 2957.18 3110.29 3264.98 3424.59
18.25 946.99 945.61 944.22 942.84 941.47
18.50 945.94 944.54 943.15 941.76 940.38
18.75 944.79 943.38 941.98 940.59 939.19
19.00 943.53 942.11 940.71 939.30 937.90 944.00 0.22 3.57 10.82 22.09 37.21
19.25 937.37 935.96 934.55 933.15 931.75
19.50 936.82 935.40 933.98 932.57 931.16
19.75 936.93 935.50 934.07 932.65 931.24




20.25 934.13 932.69 931.25 929.81 928.37
20.50 935.89 934.44 932.98 931.53 930.08
20.75 937.98 936.50 935.03 933.57 932.11
21.00 940.34 938.86 937.37 935.89 934.41 1119.00 31919.40 32450.42 32989.46 33529.27 34073.47
21.25 937.80 936.30 934.81 933.32 931.84
21.50 939.67 938.16 936.65 935.14 933.64
21.75 940.79 939.26 937.74 936.22 934.71
22.00 941.04 939.50 937.96 936.43 934.90 956.00 223.80 272.25 325.44 382.98 445.21
22.25 935.46 933.92 932.38 930.85 929.32
22.50 934.29 932.74 931.19 929.65 928.12
22.75 932.58 931.02 929.48 927.93 926.39
23.00 930.35 928.80 927.25 925.70 924.16 695.00 55389.62 54662.44 53940.06 53222.49 52514.31
23.25 923.09 921.54 920.00 918.46 916.92
23.50 921.59 920.04 918.50 916.95 915.42
23.75 921.09 919.54 917.99 916.44 914.90
24.00 921.60 920.04 918.48 916.93 915.38 837.00 7157.16 6895.64 6638.99 6388.80 6143.42
24.25 917.77 916.20 914.64 913.09 911.54
24.50 917.96 916.38 914.82 913.25 911.69
24.75 916.91 915.33 913.75 912.18 910.62
25.00 914.36 912.77 911.20 909.62 908.05 809.00 11100.73 10768.21 10444.84 10124.38 9810.90
25.25 905.85 904.28 902.71 901.14 899.58
25.50 902.48 900.91 899.35 897.79 896.23
25.75 899.74 898.17 896.61 895.05 893.50
26.00 897.73 896.16 894.60 893.04 891.49 945.00 2234.45 2385.35 2540.16 2699.84 2863.32
26.25 891.61 890.05 888.49 886.94 885.39
26.50 890.53 888.97 887.42 885.86 884.31
26.75 889.66 888.10 886.53 884.98 883.42
27.00 888.94 887.37 885.80 884.24 882.68 908.00 363.28 425.60 492.84 564.54 641.10
27.25 883.72 882.16 880.59 879.03 877.48
27.50 883.65 882.08 880.51 878.94 877.37
27.75 884.03 882.44 880.87 879.29 877.72
28.00 884.85 883.26 881.67 880.08 878.50 894.00 83.72 115.35 152.03 193.77 240.25
28.25 881.39 879.80 878.21 876.62 875.04
28.50 882.93 881.32 879.72 878.13 876.53
28.75 884.74 883.12 881.51 879.90 878.29
29.00 886.80 885.17 883.54 881.92 880.30 880.00 46.24 26.73 12.53 3.69 0.09
29.25 884.19 882.55 880.92 879.29 877.67
29.50 885.62 883.97 882.33 880.69 879.05
29.75 886.21 884.55 882.89 881.24 879.59
30.00 885.80 884.14 882.47 880.82 879.16 797.00 7885.44 7593.38 7305.12 7025.79 6750.27
30.25 880.07 878.40 876.74 875.09 873.44
30.50 879.57 877.90 876.24 874.58 872.92
30.75 879.87 878.19 876.52 874.86 873.19
31.00 881.03 879.35 877.67 875.99 874.32 813.00 4628.08 4402.32 4182.21 3967.74 3760.14
31.25 878.08 876.40 874.72 873.04 871.37
31.50 879.43 877.73 876.04 874.35 872.67
31.75 880.17 878.46 876.76 875.07 873.37
32.00 880.17 878.46 876.75 875.04 873.34 765.00 13264.13 12873.17 12488.06 12108.80 11737.56
32.25 874.98 873.27 871.57 869.87 868.17
32.50 874.71 873.00 871.29 869.58 867.88
32.75 874.81 873.09 871.38 869.66 867.96
Final 875.32 873.59 871.87 870.15 868.44 834.00 1707.34 1567.37 1434.14 1306.82 1186.11
SSE 2.25E+05 2.25E+05 2.25E+05 2.25E+05 2.25E+05
n = 34
Mean Ro = 945.94 82.6618 82.6198 82.5963 82.5921 82.6082
0.0874 0.0873 0.0873 0.0873 0.0873  
 
Table 2-5-b. SSE for 5 f_BF VS Rotifer counts in Trial #2
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
f_BF @ (rot/mL) f_BF @
Time (Day) 0.030 0.040 0.050 0.060 0.070 DATASET#2 0.03 0.04 0.05 0.06 0.07
0.00 933.00 933.00 933.00 933.00 933.00 933.00 0.00 0.00 0.00 0.00 0.00
0.25 940.57 940.42 940.27 940.12 939.97
0.50 950.03 949.56 949.09 948.61 948.13
0.75 959.82 958.89 957.95 956.98 956.01
1.00 969.53 967.97 966.38 964.77 963.16 951.00 343.36 287.98 236.54 189.61 147.87
1.25 973.83 971.51 969.15 966.77 964.40
1.50 983.33 980.14 976.90 973.67 970.48
1.75 992.87 988.71 984.52 980.38 976.33
2.00 1002.40 997.17 991.97 986.87 981.92 921.00 6625.96 5801.87 5036.74 4338.86 3711.25  
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2.25 1006.49 1000.13 993.86 987.77 981.92
2.50 1015.47 1007.82 1000.33 993.14 986.29
2.75 1023.93 1014.81 1006.00 997.61 989.68
3.00 1031.72 1020.97 1010.70 1001.03 991.96 868.00 26804.24 23399.82 20363.29 17696.98 15366.08
3.25 1033.41 1021.00 1009.30 998.41 988.27
3.50 1040.74 1026.68 1013.62 1001.55 990.40
3.75 1048.46 1032.90 1018.57 1005.44 993.35
4.00 1056.72 1039.77 1024.29 1010.17 997.20 949.00 11603.60 8239.19 5668.58 3741.77 2323.24
4.25 1059.78 1041.57 1025.04 1010.00 996.23
4.50 1067.96 1048.31 1030.57 1014.47 999.73
4.75 1075.45 1054.22 1035.15 1017.88 1002.11
5.00 1081.99 1059.03 1038.51 1020.00 1003.14 1059.00 528.54 0.00 419.84 1521.00 3120.34
5.25 1081.78 1057.13 1035.24 1015.59 997.74
5.50 1086.97 1060.55 1037.25 1016.42 997.58
5.75 1092.00 1063.90 1039.27 1017.35 997.56
6.00 1097.00 1067.31 1041.43 1018.46 997.77 1028.00 4761.00 1545.28 180.36 91.01 913.85
6.25 1096.08 1065.02 1038.07 1014.20 992.73
6.50 1100.33 1067.75 1039.59 1014.70 992.34
6.75 1103.77 1069.68 1040.32 1014.40 991.15
7.00 1106.25 1070.67 1040.12 1013.20 989.09 972.00 18023.06 9735.77 4640.33 1697.44 292.07
7.25 1102.07 1065.28 1033.78 1006.08 981.29
7.50 1103.87 1065.84 1033.33 1004.77 979.23
7.75 1106.12 1066.94 1033.50 1004.13 977.87
8.00 1108.98 1068.72 1034.36 1004.20 977.23 961.00 21898.08 11603.60 5381.69 1866.24 263.41
8.25 1106.48 1065.38 1030.30 999.49 971.95
8.50 1109.87 1067.70 1031.69 1000.06 971.77
8.75 1113.09 1069.83 1032.87 1000.41 971.37
9.00 1116.01 1071.66 1033.75 1000.45 970.67 986.00 16902.60 7337.64 2280.06 208.80 235.01
9.25 1112.68 1067.49 1028.85 994.92 964.58
9.50 1114.99 1068.76 1029.23 994.50 963.47
9.75 1117.05 1069.82 1029.42 993.93 962.22
10.00 1118.85 1070.66 1029.42 993.20 960.84 1055.00 4076.82 245.24 654.34 3819.24 8866.11
10.25 1114.52 1065.69 1023.88 987.15 954.33
10.50 1116.12 1066.43 1023.86 986.45 953.02
10.75 1117.78 1067.27 1023.95 985.88 951.84
11.00 1119.52 1068.21 1024.16 985.43 950.81 1077.00 1807.95 77.26 2792.07 8385.06 15923.92
11.25 1115.45 1063.63 1019.10 979.92 944.90
11.50 1117.47 1064.87 1019.64 979.82 944.20
11.75 1119.65 1066.29 1020.34 979.87 943.68
12.00 1121.99 1067.86 1021.20 980.09 943.30 951.00 29237.58 13656.26 4928.04 846.23 59.29
12.25 1118.45 1063.83 1016.70 975.16 937.98
12.50 1120.54 1065.16 1017.33 975.14 937.39
12.75 1122.18 1066.07 1017.55 974.75 936.43
13.00 1123.28 1066.47 1017.31 973.92 935.07 1015.00 11724.56 2649.16 5.34 1687.57 6388.80
13.25 1118.06 1060.93 1011.45 967.74 928.60
13.50 1119.14 1061.44 1011.39 967.15 927.53
13.75 1120.81 1062.52 1011.90 967.14 927.03
14.00 1123.15 1064.25 1013.04 967.72 927.09 1067.00 3152.82 7.56 2911.68 9856.52 19574.81
14.25 1120.12 1060.88 1009.31 963.65 922.70
14.50 1123.23 1063.31 1011.08 964.80 923.30
14.75 1126.41 1065.77 1012.86 965.97 923.90
15.00 1129.58 1068.20 1014.61 967.09 924.46 1088.00 1728.90 392.04 5386.09 14619.23 26745.33
15.25 1126.64 1064.85 1010.87 962.98 920.02
15.50 1129.37 1066.87 1012.22 963.73 920.22
15.75 1131.68 1068.50 1013.21 964.15 920.12
16.00 1133.50 1069.70 1013.82 964.21 919.69 995.00 19182.25 5580.09 354.19 948.02 5671.60
16.25 1128.85 1064.82 1008.70 958.86 914.12
16.50 1129.88 1065.37 1008.76 958.46 913.29
16.75 1130.64 1065.71 1008.66 957.92 912.35
17.00 1131.15 1065.85 1008.40 957.26 911.30 1061.00 4921.02 23.52 2766.76 10761.99 22410.09
17.25 1125.48 1060.21 1002.69 951.44 905.35
17.50 1125.66 1060.11 1002.25 950.64 904.20
17.75 1125.71 1059.92 1001.74 949.78 903.00
18.00 1125.63 1059.63 1001.14 948.86 901.75 1006.00 14311.34 2876.18 23.62 3264.98 10868.06
18.25 1119.46 1053.62 995.16 942.84 895.67
18.50 1119.09 1053.10 994.38 941.76 894.28
18.75 1118.56 1052.44 993.48 940.59 892.81
19.00 1117.86 1051.63 992.46 939.30 891.26 944.00 30227.30 11584.22 2348.37 22.09 2781.51
19.25 1111.31 1045.34 986.28 933.15 885.09
19.50 1111.40 1045.29 985.98 932.57 884.21
19.75 1112.36 1046.02 986.41 932.65 883.96





20.25 1111.03 1044.27 984.13 929.81 880.56
20.50 1114.30 1047.03 986.35 931.53 881.81
20.75 1118.07 1050.19 988.94 933.57 883.35
21.00 1122.26 1053.72 991.83 935.89 885.14 1119.00 10.63 4261.48 16172.21 33529.27 54690.50
21.25 1120.68 1051.79 989.57 933.32 882.30
21.50 1124.46 1054.85 991.98 935.14 883.59
21.75 1127.36 1057.08 993.60 936.22 884.19
22.00 1129.12 1058.28 994.28 936.43 883.98 956.00 29970.53 10461.20 1465.36 382.98 5186.88
22.25 1123.66 1052.79 988.75 930.85 878.35
22.50 1123.19 1052.10 987.81 929.65 876.90
22.75 1121.77 1050.64 986.25 927.93 874.99
23.00 1119.43 1048.46 984.08 925.70 872.65 695.00 180140.82 124933.97 83567.25 53222.49 31559.52
23.25 1110.78 1040.48 976.54 918.46 865.62
23.50 1109.05 1038.97 975.08 916.95 864.01
23.75 1108.65 1038.66 974.71 916.44 863.31
24.00 1109.69 1039.61 975.46 916.93 863.52 837.00 74359.84 41050.81 19171.17 6388.80 703.31
24.25 1105.72 1035.77 971.65 913.09 859.62
24.50 1106.75 1036.56 972.14 913.25 859.45
24.75 1106.24 1035.93 971.31 912.18 858.14
25.00 1103.62 1033.44 968.82 909.62 855.47 809.00 86800.94 50373.31 25542.43 10124.38 2159.46
25.25 1093.34 1023.96 959.91 901.14 847.33
25.50 1088.96 1020.12 956.38 897.79 844.05
25.75 1085.31 1016.97 953.51 895.05 841.36
26.00 1082.67 1014.71 951.44 893.04 839.33 945.00 18953.03 4859.48 41.47 2699.84 11166.15
26.25 1075.27 1007.91 945.06 886.94 833.43
26.50 1074.14 1006.91 944.06 885.86 832.22
26.75 1073.39 1006.22 943.30 884.98 831.17
27.00 1072.92 1005.74 942.72 884.24 830.25 908.00 27198.61 9553.11 1205.48 564.54 6045.06
27.25 1067.12 1000.22 937.39 879.03 825.12
27.50 1067.62 1000.56 937.53 878.94 824.79
27.75 1068.77 1001.47 938.17 879.29 824.86
28.00 1070.57 1002.94 939.29 880.08 825.33 894.00 31176.96 11867.92 2051.18 193.77 4715.57
28.25 1067.30 999.62 935.90 876.62 821.80
28.50 1070.18 1002.00 937.83 878.13 822.91
28.75 1073.48 1004.75 940.07 879.90 824.26
29.00 1077.15 1007.81 942.59 881.92 825.83 880.00 38868.12 16335.40 3917.51 3.69 2934.39
29.25 1075.24 1005.62 940.16 879.29 823.04
29.50 1078.31 1008.05 942.04 880.69 824.00
29.75 1080.33 1009.50 943.01 881.24 824.19
30.00 1080.98 1009.73 942.89 880.82 823.49 797.00 80644.64 45254.05 21283.89 7025.79 701.72
30.25 1074.80 1003.69 937.02 875.09 817.89
30.50 1074.77 1003.51 936.67 874.58 817.20
30.75 1075.67 1004.22 937.17 874.86 817.26
31.00 1077.71 1005.96 938.61 875.99 818.09 813.00 70071.38 37233.56 15777.87 3967.74 25.91
31.25 1074.87 1003.10 935.72 873.04 815.08
31.50 1077.41 1005.21 937.42 874.35 816.03
31.75 1079.25 1006.66 938.49 875.07 816.41
32.00 1080.10 1007.21 938.75 875.04 816.12 765.00 99288.01 58665.68 30189.06 12108.80 2613.25
32.25 1074.40 1001.72 933.43 869.87 811.06
32.50 1074.59 1001.77 933.32 869.58 810.59
32.75 1075.17 1002.22 933.60 869.66 810.47
Final 1076.29 1003.15 934.32 870.15 810.72 834.00 58704.44 28611.72 10064.10 1306.82 541.96
SSE 1.03E+06 5.49E+05 2.98E+05 2.25E+05 2.88E+05
n = 34
Mean Ro = 945.94 176.8728 128.9947 95.0412 82.5921 93.4094










Summary of Calibration with Dataset #2 
 
Dataset #2 Rot daily harvest (106 rot/d)
Time (d) Observed Modeled SE Observed Modeled SE
0 933.00 933.00 0.00 0.00 0.00 0.00
1 951.33 964.77 180.54 1.83 0.99 0.70
2 921.00 986.87 4338.86 2.08 2.03 0.00
3 868.00 1001.03 17696.98 2.80 2.71 0.01
4 948.50 1010.17 3803.19 2.39 2.89 0.25
5 1059.00 1020.00 1521.00 3.91 3.13 0.61
6 1027.50 1018.46 81.72 3.59 3.66 0.01
7 972.00 1013.20 1697.44 4.09 3.89 0.04
8 961.00 1004.20 1866.24 3.61 4.01 0.16
9 986.00 1000.45 208.80 3.96 3.89 0.00
10 1054.67 993.20 3778.15 4.36 4.05 0.09
11 1076.67 985.43 8324.13 4.36 4.03 0.11
12 951.33 980.09 826.95 3.74 3.92 0.03
13 1015.33 973.92 1715.06 4.35 4.00 0.12
14 1067.33 967.72 9922.82 4.05 3.91 0.02
15 1088.00 967.09 14619.23 4.19 3.69 0.25
16 995.33 964.21 968.66 4.12 3.84 0.08
17 1061.33 957.26 10831.26 4.50 4.02 0.23
18 1006.00 948.86 3264.98 4.30 4.05 0.06
19 944.00 939.30 22.09 4.17 4.10 0.00
20 1022.67 933.41 7966.75 3.92 3.85 0.00
21 1119.25 935.89 33620.89 4.00 3.45 0.30
22 956.00 936.43 382.98 4.17 3.70 0.22
23 695.33 925.70 53068.80 3.30 4.22 0.85
24 837.00 916.93 6388.80 3.22 3.96 0.55
25 808.67 909.62 10191.58 4.16 4.08 0.01
26 945.33 893.04 2734.59 4.30 4.36 0.00
27 908.33 884.24 580.49 4.06 4.00 0.00
28 893.67 880.08 184.60 3.61 3.74 0.02
29 879.67 881.92 5.08 3.33 3.44 0.01
30 797.00 880.82 7025.79 3.79 3.75 0.00
31 812.67 875.99 4009.84 3.12 3.77 0.43
32 764.67 875.04 12182.27 3.53 3.69 0.03
33 834.33 870.15 1282.83 3.25 3.70 0.20
Mean 945.94 225293.41 3.59 SSE 5.40
82.63 0.40
















VI-3 Calibration of RRT model with Dataset #3 
 
Table 3-1-a. SSE for 5 b_R VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_R @ (rot/mL) b_R @
Time (Day) 0.010 0.045 0.080 0.115 0.150 DATASET#3 0.01 0.05 0.08 0.12 0.15
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 872.31 864.71 857.18 849.71 842.31
0.50 891.42 875.96 860.77 845.84 831.17
0.75 910.67 887.09 864.12 841.74 819.94
1.00 929.76 897.82 866.98 837.19 808.43 967.00 1386.82 4785.87 10004.00 16850.64 25144.44
1.25 943.47 903.17 864.59 827.66 792.30
1.50 961.32 912.35 865.86 821.73 779.84
1.75 978.08 920.37 866.03 814.87 766.71
2.00 993.33 926.94 864.91 806.97 752.86 949.00 1965.15 486.64 7071.13 20172.52 38470.90
2.25 1001.25 926.82 857.75 793.69 734.32
2.50 1012.02 929.66 853.65 783.59 719.10
2.75 1019.65 930.16 847.83 772.31 703.17
3.00 1023.30 927.88 840.09 759.76 686.54 868.00 24118.09 3585.61 778.97 11715.90 32927.73
3.25 1018.21 918.45 826.47 742.37 665.96
3.50 1019.31 914.64 818.04 729.84 649.98
3.75 1022.46 912.36 810.85 718.42 635.10
4.00 1027.98 911.82 805.01 708.17 621.32 885.00 20443.28 719.31 6398.40 31268.85 69527.14
4.25 1029.52 907.61 795.90 695.08 605.21
4.50 1035.29 907.46 790.58 685.53 592.38
4.75 1038.89 906.02 784.51 675.59 579.48
5.00 1039.65 902.94 777.51 665.19 566.46 728.00 97125.72 30604.00 2451.24 3945.10 26095.17
5.25 1032.50 893.68 765.66 650.96 550.45
5.50 1030.88 889.31 758.16 640.60 537.89
5.75 1030.03 885.45 751.09 630.68 525.83
6.00 1030.17 882.28 744.55 621.23 514.26 796.00 54835.59 7444.24 2647.10 30544.55 79377.43
6.25 1027.06 875.80 734.95 609.17 500.60
6.50 1034.30 877.11 731.35 601.87 490.83
6.75 1046.12 881.33 729.64 595.91 482.11
7.00 1061.93 888.09 729.60 591.13 474.34 967.00 9011.70 6226.79 56358.76 141278.26 242713.88
7.25 1074.58 891.85 726.92 584.19 464.88
7.50 1090.90 898.87 727.04 579.63 457.48
7.75 1103.55 903.65 725.74 574.17 449.55
8.00 1109.78 905.09 722.54 567.61 441.00 976.00 17897.09 5028.23 64241.97 166782.39 286225.00
8.25 1101.32 897.54 713.38 556.88 429.53
8.50 1092.96 892.07 706.95 548.76 420.31
8.75 1081.07 884.42 699.60 540.32 411.08
9.00 1067.03 875.06 691.51 531.64 401.87 897.00 28910.20 481.36 42226.14 133487.93 245153.72
9.25 1045.91 859.77 679.15 519.98 390.61
9.50 1029.31 848.07 669.90 510.98 381.53
9.75 1011.71 835.52 660.20 501.85 372.51
10.00 993.26 822.24 650.12 492.64 363.58 763.00 53019.67 3509.38 12741.89 73094.53 159536.34
10.25 969.78 804.50 636.48 480.86 352.88
10.50 953.36 792.01 626.70 471.99 344.39
10.75 938.72 780.54 617.40 463.43 336.19
11.00 925.72 770.06 608.61 455.20 328.28 717.00 43564.04 2815.36 11748.39 68539.24 151103.24
11.25 910.24 756.93 597.33 444.98 318.96
11.50 903.61 750.25 590.51 437.87 311.86
11.75 900.68 745.83 584.90 431.43 305.21
12.00 901.05 743.45 580.41 425.62 298.99 819.00 6732.20 5707.80 56925.19 154747.82 270410.40
12.25 898.83 738.55 573.68 418.09 291.59
12.50 901.40 737.68 570.08 412.86 285.85
12.75 903.37 736.59 566.42 407.65 280.20
13.00 904.46 735.11 562.62 402.43 274.61 837.00 4550.85 10381.57 75284.38 188851.08 316282.51
13.25 899.41 729.13 555.62 395.05 267.64
13.50 896.80 725.87 551.07 389.59 262.10
13.75 891.41 721.21 545.93 383.91 256.51
14.00 883.04 715.01 540.15 378.01 250.89 733.00 22512.00 323.64 37191.12 126017.90 232430.05




14.50 856.44 695.71 524.49 363.90 238.42
14.75 844.90 687.40 517.90 357.87 232.99
15.00 833.26 678.93 511.24 351.89 227.65 748.00 7269.27 4770.66 56055.30 156903.13 270764.12
15.25 817.81 667.08 501.98 344.15 221.24
15.50 808.51 659.71 495.84 338.52 216.23
15.75 800.96 653.31 490.15 333.15 211.42
16.00 795.02 647.82 484.91 328.02 206.78 741.00 2918.16 8682.51 65582.09 170552.48 285391.01
16.25 786.43 639.82 477.55 321.42 201.25
16.50 783.60 636.15 473.21 316.81 196.98
16.75 782.15 633.30 469.29 312.43 192.89
17.00 781.94 631.19 465.76 308.26 188.95 848.00 4363.92 47006.58 146107.42 291319.27 434346.90
17.25 778.01 626.08 459.99 302.64 184.17
17.50 776.54 623.45 456.28 298.49 180.35
17.75 772.62 619.64 452.07 294.14 176.48
18.00 765.75 614.41 447.28 289.60 172.57 732.00 1139.06 13827.41 81065.48 195717.76 312961.92
18.25 753.31 605.07 439.78 283.41 167.75
18.50 747.22 600.08 435.20 279.08 164.05
18.75 744.00 596.53 431.29 275.09 160.57
19.00 743.53 594.44 428.06 271.43 157.29 795.00 2649.16 40224.31 134644.96 274125.54 406674.04
19.25 740.86 590.21 423.07 266.63 153.37
19.50 741.65 588.89 420.22 263.22 150.30
19.75 741.36 587.06 417.15 259.74 147.22
20.00 739.63 584.58 413.82 256.17 144.15 727.00 159.52 20283.46 98081.71 221680.89 339714.12
20.25 733.09 578.58 408.14 251.21 140.34
20.50 731.47 576.22 404.95 247.80 137.42
20.75 731.23 574.57 402.11 244.57 134.63
21.00 732.44 573.67 399.63 241.53 131.96 850.00 13820.35 76358.27 202833.14 370235.74 515581.44
21.25 730.81 570.30 395.33 237.40 128.72
21.50 733.08 569.99 393.15 234.55 126.21
21.75 735.09 569.58 390.93 231.72 123.74
22.00 736.67 569.00 388.66 228.90 121.30 938.00 40533.77 136161.00 301774.44 502822.81 666998.89
22.25 733.84 565.21 384.28 224.87 118.27
22.50 734.33 564.19 381.88 222.06 115.90
22.75 734.18 562.90 379.40 219.24 113.57
23.00 733.35 561.33 376.82 216.41 111.27 898.00 27109.62 113346.69 271628.59 464564.93 618944.09
23.25 728.25 556.62 372.20 212.45 108.41
23.50 727.47 555.10 369.71 209.73 106.22
23.75 727.30 553.87 367.37 207.10 104.09
24.00 727.77 552.95 365.17 204.55 102.03 909.00 32844.31 126771.60 295751.07 496249.80 651200.58
24.25 724.81 549.33 361.16 201.01 99.49
24.50 725.54 548.57 359.06 198.56 97.53
24.75 725.89 547.66 356.91 196.11 95.59
25.00 725.75 546.56 354.71 193.67 93.68 938.00 45050.06 153225.27 340227.22 554027.15 712876.26
25.25 721.40 542.42 350.60 190.22 91.31
25.50 720.94 541.21 348.40 187.84 89.48
25.75 720.59 540.07 346.26 185.50 87.69
26.00 720.39 539.01 344.16 183.21 85.94 929.00 43518.13 152092.20 342037.83 556202.72 710750.16
26.25 716.52 535.18 340.30 180.00 83.78
26.50 716.63 534.28 338.30 177.79 82.12
26.75 716.85 533.45 336.34 175.63 80.49
27.00 717.16 532.67 334.43 173.50 78.90 926.00 43614.15 154708.49 349955.06 566256.25 717578.41
27.25 713.77 529.13 330.78 170.49 76.93
27.50 714.37 528.51 328.96 168.45 75.42
27.75 715.13 527.97 327.18 166.44 73.94
28.00 716.03 527.52 325.45 164.47 72.49 899.00 33478.02 137997.39 328959.60 539534.32 683118.78
28.25 713.29 524.35 322.05 161.67 70.70
28.50 714.57 524.10 320.42 159.79 69.33
28.75 716.06 523.94 318.85 157.94 67.98
29.00 717.73 523.89 317.32 156.12 66.67 915.00 38915.45 152967.03 357221.38 575898.85 719663.79
29.25 715.79 521.15 314.17 153.53 65.05
29.50 717.92 521.33 312.76 151.79 63.80
29.75 720.30 521.63 311.40 150.10 62.59
30.00 722.92 522.04 310.10 148.44 61.40 926.00 41241.49 163183.68 379332.81 604599.55 747533.16
30.25 721.91 519.80 307.22 146.04 59.93
30.50 724.90 520.40 306.01 144.45 58.80
30.75 728.02 521.09 304.84 142.89 57.70
31.00 731.25 521.83 303.70 141.36 56.62 905.00 30189.06 146819.25 361561.69 583146.05 719748.62  
 
 251
31.25 730.64 519.85 300.99 139.11 55.27
31.50 733.83 520.62 299.88 137.63 54.24
31.75 736.89 521.35 298.77 136.15 53.23
32.00 739.77 522.04 297.65 134.69 52.23 889.00 22269.59 134659.64 349694.82 568983.58 700184.03
32.25 738.62 519.92 294.96 132.53 50.98
32.50 741.53 520.65 293.89 131.12 50.03
32.75 744.61 521.47 292.85 129.73 49.10
Final 747.89 522.39 291.86 128.37 48.19 863.00 13250.31 116015.17 326200.90 539681.24 663915.34
SSE 8.30E+05 1.98E+06 5.17E+06 9.40E+06 1.31E+07
n = 34
Mean Ro = 856.82 158.6311 245.0232 395.9945 533.7063 628.9323
0.1851 0.2860 0.4622 0.6229 0.7340  
 
Table 3-2-a. SSE for 5 Y_Rot VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
Y  @ (rot/mL) Y  @
Time (Day) 100.000 600.000 1100.000 1600.000 2100.000 DATASET#3 100.00 600.00 1100.00 1600.00 2100.00
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 859.04 871.66 872.15 872.31 872.38
0.50 855.54 889.22 890.94 891.42 891.64
0.75 846.44 905.61 909.66 910.65 911.10
1.00 831.79 919.46 927.94 929.74 930.52 967.00 18281.74 2260.05 1525.68 1388.31 1330.79
1.25 807.09 923.46 940.36 943.43 944.70
1.50 780.72 924.19 956.10 961.26 963.27
1.75 748.81 916.07 969.38 977.99 981.11
2.00 712.05 900.32 978.89 993.18 997.99 949.00 56145.30 2369.74 893.41 1951.87 2400.02
2.25 668.36 873.84 977.89 1001.03 1008.28
2.50 626.63 847.36 975.72 1011.68 1022.48
2.75 583.69 816.82 966.69 1019.15 1034.97
3.00 540.23 783.00 951.29 1022.57 1045.32 868.00 107433.17 7225.00 6937.22 23891.88 31442.38
3.25 497.50 746.78 928.82 1017.22 1048.14
3.50 464.06 721.44 916.01 1018.09 1056.93
3.75 435.63 701.91 907.90 1021.05 1066.82
4.00 411.41 687.42 903.94 1026.41 1078.11 885.00 224287.49 39037.86 358.72 19996.79 37291.47
4.25 386.94 671.61 897.35 1027.82 1084.68
4.50 364.23 657.33 893.67 1033.43 1096.09
4.75 341.43 640.81 886.93 1036.86 1106.10
5.00 318.76 622.37 876.78 1037.43 1114.25 728.00 167477.38 11157.70 22135.49 95746.92 149189.06
5.25 295.65 600.74 860.21 1030.09 1114.69
5.50 276.27 584.82 849.69 1028.29 1120.84
5.75 258.68 571.13 840.96 1027.27 1127.24
6.00 242.66 559.41 833.94 1027.26 1134.15 796.00 306185.16 55974.83 1439.44 53481.19 114345.42
6.25 228.00 548.15 825.62 1024.03 1136.38
6.50 218.68 545.36 827.45 1031.16 1148.40
6.75 212.78 547.19 834.33 1042.89 1164.18
7.00 209.89 552.71 845.35 1058.62 1183.44 967.00 573215.55 171636.20 14798.72 8394.22 46846.27
7.25 206.52 557.12 854.17 1071.20 1198.83
7.50 201.49 562.38 865.42 1087.43 1218.74
7.75 193.87 563.07 872.45 1099.98 1235.64
8.00 184.08 556.00 871.68 1106.07 1247.62 976.00 627137.29 176400.00 10882.66 16918.20 73777.42
8.25 172.64 539.74 856.70 1097.46 1246.33
8.50 162.80 525.61 842.32 1088.93 1246.87
8.75 153.56 511.44 826.50 1076.91 1243.42
9.00 144.89 497.31 809.94 1062.75 1236.78 897.00 565669.45 159752.10 7579.44 27473.06 115450.45
9.25 136.02 480.74 788.70 1041.58 1221.07
9.50 128.38 466.91 771.37 1024.91 1209.84
9.75 121.19 453.21 753.72 1007.26 1196.82
10.00 114.42 439.67 735.84 988.77 1182.20 763.00 420656.02 104542.29 737.67 50972.09 175728.64
10.25 107.68 424.59 714.75 965.30 1160.81
10.50 102.28 413.27 699.39 948.86 1146.94
10.75 97.51 403.24 685.75 934.22 1134.51
11.00 93.30 394.35 673.64 921.20 1123.48 717.00 389001.69 104103.02 1880.09 41697.64 165225.99
11.25 89.28 384.91 660.13 905.73 1108.74
11.50 86.58 379.78 653.49 899.08 1103.97
11.75 84.56 376.64 649.87 896.12 1103.08
12.00 83.15 375.23 648.90 896.46 1105.74 819.00 541475.22 196931.81 28934.01 6000.05 82219.83  
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12.25 81.66 372.94 646.24 894.22 1104.93
12.50 80.60 372.63 647.01 896.74 1109.98
12.75 79.48 372.02 647.31 898.68 1114.41
13.00 78.28 371.00 646.93 899.73 1117.84 837.00 575656.04 217156.00 36126.60 3935.05 78871.11
13.25 76.57 367.40 642.10 894.67 1113.82
13.50 75.05 364.69 638.92 892.04 1113.05
13.75 73.29 360.76 633.67 886.63 1109.05
14.00 71.33 355.60 626.25 878.26 1101.52 733.00 437807.19 142430.76 11395.56 21100.47 135806.99
14.25 68.93 347.75 613.98 863.00 1085.27
14.50 66.99 341.70 604.71 851.73 1073.79
14.75 65.15 335.70 595.39 840.22 1061.75
15.00 63.39 329.80 586.10 828.61 1049.38 748.00 468690.85 174891.24 26211.61 6497.97 90829.90
15.25 61.45 322.54 574.26 813.21 1031.96
15.50 60.09 317.89 566.89 803.94 1022.00
15.75 58.95 314.05 560.86 796.41 1014.00
16.00 58.01 310.96 556.05 790.48 1007.86 741.00 466475.34 184934.40 34206.50 2448.27 71214.26
16.25 56.94 306.93 549.48 781.93 998.19
16.50 56.34 305.23 546.99 779.10 995.67
16.75 55.89 304.14 545.53 777.64 994.77
17.00 55.56 303.59 544.99 777.42 995.36 848.00 627961.15 296382.25 91815.06 4981.54 21714.97
17.25 54.99 301.62 541.87 773.50 991.18
17.50 54.57 300.56 540.43 772.03 990.21
17.75 53.94 298.48 537.22 768.11 986.22
18.00 53.07 295.22 531.91 761.27 978.61 732.00 460945.94 190776.77 40036.01 856.73 60816.49
18.25 51.85 289.83 522.76 748.89 963.84
18.50 51.15 287.02 518.12 742.82 956.96
18.75 50.71 285.42 515.57 739.61 953.55
19.00 50.51 284.95 515.00 739.13 953.51 795.00 554265.36 260151.00 78400.00 3121.46 25125.42
19.25 50.18 283.68 512.93 736.47 950.56
19.50 50.08 283.73 513.26 737.25 952.07
19.75 49.90 283.34 512.82 736.95 952.22
20.00 49.60 282.38 511.36 735.23 950.58 727.00 458870.76 197686.94 46500.61 67.73 49988.02
20.25 48.99 279.59 506.58 728.72 942.77
20.50 48.73 278.71 505.23 727.10 941.20
20.75 48.59 278.40 504.87 726.85 941.34
21.00 48.56 278.67 505.53 728.05 943.27 850.00 642306.07 326417.97 118659.58 14871.80 8699.29
21.25 48.35 277.88 504.26 726.42 941.51
21.50 48.41 278.58 505.69 728.68 944.76
21.75 48.45 279.18 506.93 730.67 947.68
22.00 48.46 279.61 507.87 732.24 950.06 938.00 791281.41 433477.39 185011.82 42337.18 145.44
22.25 48.17 278.37 505.77 729.42 946.75
22.50 48.11 278.38 505.96 729.91 947.74
22.75 48.00 278.15 505.70 729.75 947.90
23.00 47.85 277.66 504.97 728.92 947.20 898.00 722755.02 384821.72 154472.58 28588.05 2420.64
23.25 47.42 275.55 501.30 723.85 940.97
23.50 47.28 275.10 500.63 723.07 940.29
23.75 47.19 274.89 500.38 722.89 940.36
24.00 47.15 274.93 500.58 723.35 941.24 909.00 742785.42 402044.76 166806.90 34465.92 1039.42
24.25 46.89 273.70 498.44 720.41 937.67
24.50 46.87 273.85 498.83 721.13 938.86
24.75 46.83 273.86 498.96 721.47 939.56
25.00 46.75 273.69 498.76 721.34 939.65 938.00 794326.56 441307.78 192931.78 46941.56 2.72
25.25 46.41 271.93 495.67 717.01 934.27
25.50 46.32 271.64 495.25 716.55 933.91
25.75 46.23 271.40 494.91 716.20 933.69
26.00 46.17 271.22 494.68 715.99 933.64 929.00 779388.81 432674.53 188633.86 45373.26 21.53
26.25 45.87 269.67 491.94 712.15 928.84
26.50 45.82 269.62 491.93 712.25 929.17
26.75 45.79 269.61 492.00 712.47 929.64
27.00 45.77 269.64 492.14 712.77 930.23 926.00 774804.85 430808.45 188234.50 45467.03 17.89
27.25 45.51 268.29 489.74 709.41 926.01
27.50 45.51 268.44 490.08 710.00 926.95
27.75 45.51 268.65 490.54 710.75 928.09
28.00 45.54 268.92 491.09 711.64 929.41 899.00 728393.97 397000.81 166390.57 35103.77 924.77
28.25 45.33 267.82 489.15 708.92 926.00
28.50 45.37 268.24 489.98 710.19 927.80
28.75 45.44 268.74 490.94 711.67 929.85
29.00 45.51 269.31 492.03 713.32 932.14 915.00 756012.86 416915.58 178903.62 40674.82 293.78  
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29.25 45.36 268.53 490.65 711.40 929.74
29.50 45.47 269.27 492.07 713.51 932.63
29.75 45.60 270.12 493.66 715.88 935.83
30.00 45.74 271.05 495.41 718.48 939.33 926.00 774857.67 428959.50 185407.75 43064.55 177.69
30.25 45.65 270.63 494.67 717.47 938.11
30.50 45.82 271.70 496.68 720.44 942.09
30.75 45.99 272.83 498.78 723.54 946.23
31.00 46.17 274.00 500.96 726.75 950.52 905.00 737588.97 398161.00 163248.32 31773.06 2072.07
31.25 46.12 273.73 500.51 726.14 949.81
31.50 46.30 274.89 502.66 729.32 954.05
31.75 46.47 276.00 504.72 732.35 958.11
32.00 46.63 277.04 506.66 735.22 961.94 889.00 709587.22 374495.04 146183.88 23648.29 5320.24
32.25 46.54 276.57 505.83 734.07 960.52
32.50 46.70 277.62 507.79 736.96 964.38
32.75 46.88 278.74 509.87 740.02 968.48
Final 47.07 279.94 512.09 743.28 972.82 863.00 665741.76 339958.96 123137.83 14332.88 12060.43
SSE 1.77E+07 7.90E+06 2.62E+06 8.38E+05 1.56E+06
n = 34
Mean Ro = 856.82 731.6952 489.3670 281.8133 159.3133 217.6187
0.8540 0.5711 0.3289 0.1859 0.2540  
Table 3-3-a. SSE for 5 K_A VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
K_A @ (rot/mL) K_A @
Time (Day) 1.260 2.435 3.610 4.785 5.960 DATASET#3 1.26 2.44 3.61 4.79 5.96
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 874.53 873.36 872.31 871.35 870.47
0.50 895.66 893.44 891.42 889.56 887.85
0.75 917.09 913.73 910.65 907.82 905.20
1.00 938.72 934.04 929.74 925.78 922.11 967.00 799.76 1086.36 1388.31 1699.09 2015.11
1.25 955.41 949.16 943.43 938.16 933.28
1.50 976.94 968.74 961.26 954.39 948.05
1.75 998.21 987.59 977.99 969.22 961.17
2.00 1018.97 1005.34 993.18 982.19 972.16 949.00 4895.80 3174.20 1951.87 1101.58 536.39
2.25 1033.32 1016.12 1001.03 987.56 975.38
2.50 1051.74 1030.16 1011.68 995.43 980.89
2.75 1067.93 1041.30 1019.15 999.98 983.01
3.00 1080.26 1048.38 1022.57 1000.56 981.24 868.00 45054.31 32536.94 23891.88 17572.15 12823.30
3.25 1082.10 1046.02 1017.22 992.84 971.56
3.50 1089.61 1049.71 1018.09 991.45 968.27
3.75 1099.27 1055.47 1021.05 992.18 967.15
4.00 1111.52 1063.69 1026.41 995.30 968.41 885.00 51311.31 31930.12 19996.79 12166.09 6957.23
4.25 1119.63 1067.86 1027.82 994.56 965.89
4.50 1132.29 1076.41 1033.43 997.85 967.27
4.75 1141.90 1082.54 1036.86 999.10 966.70
5.00 1146.87 1085.29 1037.43 997.78 963.74 728.00 175452.08 127656.14 95746.92 72781.25 55573.35
5.25 1141.69 1079.32 1030.09 989.10 953.86
5.50 1142.83 1079.07 1028.29 985.85 949.31
5.75 1145.30 1079.72 1027.27 983.35 945.49
6.00 1149.20 1081.51 1027.26 981.80 942.60 796.00 124750.24 81515.96 53481.19 34521.64 21491.56
6.25 1149.94 1079.98 1024.03 977.17 936.80
6.50 1163.02 1089.54 1031.16 982.42 940.50
6.75 1181.32 1103.94 1042.89 992.10 948.51
7.00 1203.61 1122.38 1058.62 1005.72 960.40 967.00 55984.29 24142.94 8394.22 1499.24 43.56
7.25 1222.38 1137.54 1071.20 1016.30 969.35
7.50 1246.30 1156.95 1087.43 1030.05 981.08
7.75 1266.66 1172.71 1099.98 1040.13 989.15
8.00 1276.59 1180.96 1106.07 1044.31 991.70 976.00 90354.35 42008.60 16918.20 4666.26 246.49
8.25 1259.93 1171.04 1097.46 1035.67 982.64
8.50 1243.30 1159.86 1088.93 1028.01 975.10
8.75 1224.79 1145.26 1076.91 1017.30 964.94
9.00 1204.82 1128.80 1062.75 1004.53 952.91 897.00 94753.15 53731.24 27473.06 11562.70 3125.93
9.25 1177.62 1105.18 1041.58 985.01 934.48
9.50 1155.85 1086.49 1024.91 969.68 919.99
9.75 1133.22 1066.84 1007.26 953.38 904.58
10.00 1109.90 1046.38 988.77 936.26 888.40 763.00 120339.61 80304.22 50972.09 30019.03 15725.16
10.25 1081.86 1020.93 965.30 914.28 867.54
10.50 1062.64 1003.31 948.86 898.72 852.62
10.75 1045.99 987.83 934.22 884.68 839.03
11.00 1031.61 974.25 921.20 872.07 826.70 717.00 98979.45 66177.56 41697.64 24046.70 12034.09  
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11.25 1015.44 958.41 905.73 856.95 811.87
11.50 1010.45 952.36 899.08 849.89 804.51
11.75 1010.49 950.56 896.12 846.12 800.11
12.00 1014.84 952.47 896.46 845.31 798.42 819.00 38353.31 17814.24 6000.05 692.22 423.54
12.25 1016.66 951.80 894.22 841.98 794.27
12.50 1023.56 956.13 896.74 843.13 794.34
12.75 1029.12 959.66 898.68 843.81 794.01
13.00 1032.88 962.02 899.73 843.78 793.07 837.00 38368.97 15630.00 3935.05 45.97 1929.84
13.25 1028.78 957.57 894.67 838.14 786.94
13.50 1026.05 955.29 892.04 835.00 783.29
13.75 1018.66 949.47 886.63 829.57 777.67
14.00 1006.87 939.99 878.26 821.68 769.96 733.00 75004.78 42844.86 21100.47 7864.14 1366.04
14.25 987.27 922.97 863.00 807.54 756.55
14.50 972.97 910.42 851.73 797.11 746.66
14.75 958.78 897.77 840.22 786.39 736.49
15.00 944.74 885.13 828.61 775.54 726.16 748.00 38706.63 18804.64 6497.97 758.45 476.99
15.25 927.04 868.66 813.21 761.03 712.36
15.50 917.23 859.07 803.94 752.05 703.62
15.75 910.02 851.59 796.41 744.54 696.15
16.00 905.09 846.02 790.48 738.41 689.89 741.00 26925.53 11029.20 2448.27 6.71 2612.23
16.25 897.62 837.80 781.93 729.72 681.16
16.50 897.09 835.85 779.10 726.28 677.27
16.75 898.41 835.47 777.64 724.06 674.47
17.00 901.39 836.51 777.42 722.94 672.67 848.00 2850.49 132.02 4981.54 15640.00 30740.61
17.25 900.11 833.62 773.50 718.34 667.60
17.50 900.57 833.08 772.03 716.12 664.79
17.75 896.24 829.35 768.11 711.89 660.26
18.00 886.61 821.78 761.27 705.30 653.75 732.00 23904.25 8060.45 856.73 712.89 6123.06
18.25 870.73 808.02 748.89 693.79 642.82
18.50 864.54 801.74 742.82 687.88 637.00
18.75 863.15 799.10 739.61 684.32 633.20
19.00 865.84 799.77 739.13 683.09 631.42 795.00 5018.31 22.75 3121.46 12523.85 26758.42
19.25 866.43 798.27 736.47 679.70 627.53
19.50 870.69 800.45 737.25 679.48 626.57
19.75 872.73 801.21 736.95 678.37 624.83
20.00 871.82 800.06 735.23 676.11 622.11 727.00 20972.83 5337.76 67.73 2589.79 11001.91
20.25 864.63 793.46 728.72 669.59 615.57
20.50 864.06 792.32 727.10 667.54 613.15
20.75 865.96 792.92 726.85 666.65 611.74
21.00 870.16 795.29 728.05 666.99 611.41 850.00 406.43 2993.18 14871.80 33492.66 56925.19
21.25 871.37 794.72 726.42 664.66 608.58
21.50 877.12 798.39 728.68 665.86 608.98
21.75 882.17 801.68 730.67 666.86 609.19
22.00 886.22 804.39 732.24 667.53 609.13 938.00 2681.17 17851.63 42337.18 73154.02 108155.48
22.25 884.49 802.13 729.42 664.25 605.51
22.50 886.27 803.36 729.91 664.06 604.75
22.75 886.73 803.72 729.75 663.37 603.57
23.00 885.86 803.16 728.92 662.15 601.97 898.00 147.38 8994.63 28588.05 55625.22 87633.76
23.25 879.73 797.83 723.85 657.14 596.96
23.50 879.30 797.33 723.07 656.01 595.49
23.75 880.06 797.62 722.89 655.37 594.44
24.00 881.98 798.73 723.35 655.27 593.85 909.00 730.08 12159.47 34465.92 64378.91 99319.52
24.25 879.98 796.17 720.41 652.04 590.40
24.50 882.21 797.61 721.13 652.13 589.95
24.75 883.52 798.52 721.47 651.93 589.27
25.00 883.76 798.76 721.34 651.36 588.29 938.00 2941.98 19387.78 46941.56 82162.49 122297.08
25.25 878.63 794.25 717.01 647.06 583.98
25.50 878.34 794.02 716.55 646.27 582.84
25.75 878.32 793.94 716.20 645.58 581.81
26.00 878.59 794.04 715.99 645.01 580.88 929.00 2541.17 18214.20 45373.26 80650.32 121187.53
26.25 874.54 790.15 712.15 641.15 576.99
26.50 875.42 790.66 712.25 640.83 576.28
26.75 876.44 791.31 712.47 640.62 575.67
27.00 877.55 792.04 712.77 640.48 575.13 926.00 2347.40 17945.28 45467.03 81521.67 123109.76
27.25 874.21 788.72 709.41 637.05 571.62
27.50 875.83 789.81 710.00 637.16 571.30
27.75 877.67 791.10 710.75 637.41 571.10
28.00 879.70 792.54 711.64 637.79 571.01 899.00 372.49 11333.73 35103.77 68230.66 107577.44  
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28.25 877.35 789.99 708.92 634.92 568.01
28.50 880.02 791.91 710.19 635.61 568.20
28.75 882.98 794.06 711.67 636.48 568.54
29.00 886.19 796.44 713.32 637.51 569.03 915.00 830.02 14056.47 40674.82 77000.70 119695.24
29.25 885.03 794.83 711.40 635.33 566.64
29.50 889.00 797.77 713.51 636.74 567.45
29.75 893.32 801.00 715.88 638.37 568.46
30.00 897.96 804.52 718.48 640.20 569.63 926.00 786.24 14757.39 43064.55 81681.64 126999.58
30.25 898.16 804.01 717.47 638.81 567.94
30.50 903.35 807.97 720.44 640.95 569.38
30.75 908.65 812.06 723.54 643.21 570.93
31.00 914.01 816.25 726.75 645.58 572.58 905.00 81.18 7876.56 31773.06 67298.74 110503.06
31.25 914.54 816.16 726.14 644.56 571.23
31.50 919.67 820.27 729.32 646.91 572.87
31.75 924.37 824.16 732.35 649.16 574.44
32.00 928.59 827.78 735.22 651.30 575.92 889.00 1567.37 3747.89 23648.29 56501.29 98019.09
32.25 927.62 826.82 734.07 649.91 574.30
32.50 931.81 830.42 736.96 652.10 575.86
32.75 936.31 834.23 740.02 654.45 577.55
Final 941.12 838.28 743.28 656.96 579.38 863.00 6102.73 611.08 14332.88 42452.48 80440.30
SSE 1.15E+06 8.14E+05 8.38E+05 1.12E+06 1.57E+06
n = 34
Mean Ro = 856.82 187.0274 157.0437 159.3133 183.9483 218.3872
0.2183 0.1833 0.1859 0.2147 0.2549  
 
Table 3-4-a. SSE for 5 b_A VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_A @ (rot/mL) b_A @
Time (Day) 0.010 0.020 0.030 0.040 0.050 DATASET#3 0.01 0.02 0.03 0.04 0.05
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 873.36 873.36 873.35 873.35 873.35
0.50 893.43 893.43 893.42 893.42 893.41
0.75 913.73 913.72 913.70 913.69 913.68
1.00 934.04 934.02 934.00 933.97 933.95 967.00 1086.36 1087.68 1089.00 1090.98 1092.30
1.25 949.17 949.13 949.09 949.06 949.02
1.50 968.76 968.71 968.65 968.59 968.54
1.75 987.63 987.55 987.47 987.39 987.31
2.00 1005.40 1005.29 1005.18 1005.06 1004.95 949.00 3180.96 3168.56 3156.19 3142.72 3130.40
2.25 1016.20 1016.05 1015.89 1015.74 1015.58
2.50 1030.29 1030.08 1029.87 1029.66 1029.45
2.75 1041.48 1041.20 1040.93 1040.65 1040.38
3.00 1048.61 1048.26 1047.91 1047.56 1047.22 868.00 32619.97 32493.67 32367.61 32241.79 32119.81
3.25 1046.30 1045.89 1045.47 1045.06 1044.65
3.50 1050.02 1049.56 1049.10 1048.65 1048.19
3.75 1055.80 1055.31 1054.82 1054.33 1053.84
4.00 1064.04 1063.51 1062.99 1062.48 1061.96 885.00 32055.32 31865.82 31680.44 31499.15 31314.84
4.25 1068.22 1067.67 1067.12 1066.58 1066.04
4.50 1076.79 1076.21 1075.63 1075.05 1074.48
4.75 1082.94 1082.32 1081.71 1081.10 1080.49
5.00 1085.71 1085.06 1084.42 1083.78 1083.14 728.00 127956.44 127491.84 127035.22 126579.41 126124.42
5.25 1079.75 1079.09 1078.42 1077.76 1077.10
5.50 1079.51 1078.83 1078.15 1077.47 1076.80
5.75 1080.17 1079.47 1078.78 1078.09 1077.40
6.00 1081.96 1081.25 1080.55 1079.84 1079.14 796.00 81773.12 81367.56 80968.70 80565.15 80168.26
6.25 1080.44 1079.72 1079.00 1078.29 1077.58
6.50 1090.00 1089.26 1088.52 1087.79 1087.06
6.75 1104.42 1103.65 1102.89 1102.14 1101.38
7.00 1122.87 1122.08 1121.29 1120.51 1119.73 967.00 24295.46 24049.81 23805.40 23565.32 23326.45
7.25 1138.04 1137.22 1136.41 1135.61 1134.80
7.50 1157.47 1156.62 1155.78 1154.93 1154.09
7.75 1173.26 1172.36 1171.47 1170.58 1169.70
8.00 1181.56 1180.61 1179.66 1178.71 1177.76 976.00 42254.91 41865.25 41477.40 41091.34 40707.10
8.25 1171.68 1170.70 1169.71 1168.73 1167.76
8.50 1160.51 1159.53 1158.56 1157.59 1156.63
8.75 1145.89 1144.95 1144.01 1143.08 1142.14
9.00 1129.40 1128.50 1127.60 1126.70 1125.81 897.00 54009.76 53592.25 53176.36 52762.09 52354.02  
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9.25 1105.75 1104.89 1104.04 1103.18 1102.33
9.50 1087.04 1086.22 1085.40 1084.58 1083.76
9.75 1067.36 1066.58 1065.79 1065.01 1064.23
10.00 1046.87 1046.12 1045.37 1044.62 1043.88 763.00 80582.18 80156.93 79732.82 79309.82 78893.57
10.25 1021.39 1020.68 1019.96 1019.25 1018.54
10.50 1003.76 1003.07 1002.38 1001.69 1001.01
10.75 988.26 987.59 986.92 986.26 985.59
11.00 974.67 974.02 973.37 972.72 972.07 717.00 66393.83 66059.28 65725.58 65392.72 65060.70
11.25 958.81 958.17 957.54 956.90 956.27
11.50 952.76 952.12 951.49 950.86 950.23
11.75 950.95 950.31 949.68 949.04 948.41
12.00 952.87 952.22 951.57 950.93 950.28 819.00 17921.18 17747.57 17574.80 17405.52 17234.44
12.25 952.20 951.54 950.88 950.22 949.57
12.50 956.54 955.86 955.19 954.51 953.84
12.75 960.08 959.38 958.69 958.00 957.31
13.00 962.45 961.74 961.02 960.31 959.61 837.00 15737.70 15560.07 15380.96 15205.36 15033.21
13.25 958.01 957.29 956.57 955.85 955.13
13.50 955.73 955.00 954.27 953.54 952.82
13.75 949.92 949.19 948.46 947.73 947.01
14.00 940.43 939.71 938.99 938.28 937.56 733.00 43027.20 42729.02 42431.88 42139.88 41844.79
14.25 923.40 922.70 922.00 921.30 920.61
14.50 910.85 910.16 909.48 908.80 908.12
14.75 898.19 897.52 896.86 896.19 895.53
15.00 885.53 884.88 884.23 883.59 882.94 748.00 18914.50 18736.13 18558.61 18384.65 18208.80
15.25 869.05 868.42 867.79 867.16 866.53
15.50 859.45 858.83 858.21 857.59 856.97
15.75 851.97 851.35 850.74 850.12 849.50
16.00 846.39 845.77 845.16 844.54 843.93 741.00 11107.05 10976.75 10849.31 10720.53 10594.58
16.25 838.17 837.55 836.94 836.32 835.71
16.50 836.22 835.60 834.98 834.36 833.74
16.75 835.85 835.22 834.59 833.96 833.33
17.00 836.89 836.25 835.61 834.97 834.33 848.00 123.43 138.06 153.51 169.78 186.87
17.25 834.00 833.35 832.70 832.05 831.40
17.50 833.47 832.81 832.14 831.48 830.82
17.75 829.75 829.07 828.40 827.73 827.06
18.00 822.18 821.51 820.84 820.17 819.50 732.00 8132.43 8012.04 7892.55 7773.95 7656.25
18.25 808.42 807.76 807.10 806.44 805.78
18.50 802.14 801.48 800.83 800.17 799.52
18.75 799.50 798.84 798.19 797.53 796.88
19.00 800.16 799.50 798.84 798.18 797.52 795.00 26.63 20.25 14.75 10.11 6.35
19.25 798.67 797.99 797.32 796.65 795.98
19.50 800.85 800.16 799.48 798.79 798.11
19.75 801.62 800.92 800.22 799.52 798.83
20.00 800.48 799.77 799.06 798.35 797.65 727.00 5399.31 5295.47 5192.64 5090.82 4991.42
20.25 793.88 793.17 792.46 791.75 791.03
20.50 792.75 792.03 791.31 790.60 789.88
20.75 793.35 792.63 791.90 791.18 790.45
21.00 795.72 794.99 794.25 793.52 792.78 850.00 2946.32 3026.10 3108.06 3189.99 3274.13
21.25 795.16 794.41 793.66 792.92 792.18
21.50 798.84 798.07 797.31 796.55 795.79
21.75 802.14 801.36 800.58 799.81 799.03
22.00 804.85 804.06 803.27 802.48 801.69 938.00 17728.92 17939.92 18152.17 18365.67 18580.42
22.25 802.61 801.80 801.00 800.21 799.41
22.50 803.84 803.03 802.22 801.41 800.60
22.75 804.21 803.38 802.57 801.75 800.93
23.00 803.65 802.82 802.00 801.18 800.35 898.00 8901.92 9059.23 9216.00 9374.11 9535.52
23.25 798.32 797.50 796.68 795.86 795.04
23.50 797.82 797.00 796.17 795.35 794.53
23.75 798.11 797.28 796.45 795.63 794.80
24.00 799.22 798.39 797.56 796.73 795.90 909.00 12051.65 12234.57 12418.87 12604.55 12791.61
24.25 796.67 795.83 795.00 794.16 793.33
24.50 798.12 797.27 796.43 795.59 794.75
24.75 799.03 798.18 797.33 796.48 795.64
25.00 799.27 798.41 797.56 796.71 795.86 938.00 19246.01 19485.37 19723.39 19962.86 20203.78
25.25 794.76 793.91 793.06 792.21 791.36
25.50 794.53 793.68 792.82 791.97 791.12
25.75 794.45 793.59 792.74 791.88 791.03
26.00 794.55 793.69 792.84 791.98 791.12 929.00 18076.80 18308.80 18539.55 18774.48 19010.89  
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26.25 790.66 789.80 788.94 788.09 787.23
26.50 791.18 790.31 789.45 788.59 787.74
26.75 791.82 790.96 790.09 789.23 788.37
27.00 792.56 791.69 790.82 789.96 789.09 926.00 17806.23 18039.18 18273.63 18506.88 18744.35
27.25 789.23 788.37 787.50 786.63 785.77
27.50 790.33 789.46 788.59 787.72 786.85
27.75 791.62 790.74 789.86 788.99 788.11
28.00 793.07 792.19 791.30 790.42 789.54 899.00 11221.16 11408.38 11599.29 11789.62 11981.49
28.25 790.51 789.63 788.74 787.86 786.98
28.50 792.44 791.54 790.65 789.76 788.87
28.75 794.60 793.70 792.80 791.90 791.01
29.00 796.97 796.07 795.16 794.26 793.35 915.00 13931.08 14144.34 14361.63 14578.15 14798.72
29.25 795.37 794.46 793.55 792.64 791.74
29.50 798.31 797.39 796.48 795.56 794.65
29.75 801.55 800.63 799.70 798.77 797.85
30.00 805.07 804.13 803.20 802.26 801.33 926.00 14624.06 14852.30 15079.84 15311.59 15542.61
30.25 804.57 803.62 802.68 801.74 800.80
30.50 808.53 807.58 806.62 805.67 804.72
30.75 812.63 811.66 810.70 809.74 808.77
31.00 816.83 815.86 814.88 813.91 812.93 905.00 7773.95 7945.94 8121.61 8297.39 8476.88
31.25 816.74 815.76 814.78 813.80 812.82
31.50 820.86 819.86 818.87 817.88 816.89
31.75 824.75 823.75 822.75 821.75 820.74
32.00 828.38 827.36 826.35 825.34 824.33 889.00 3674.78 3799.49 3925.02 4052.60 4182.21
32.25 827.43 826.41 825.40 824.38 823.37
32.50 831.03 830.00 828.98 827.96 826.94
32.75 834.84 833.81 832.78 831.75 830.72
Final 838.90 837.86 836.82 835.78 834.74 863.00 580.81 632.02 685.39 740.93 798.63
SSE 8.15E+05 8.13E+05 8.11E+05 8.10E+05 8.08E+05
n = 34
Mean Ro = 856.82 157.1683 156.9877 156.8118 156.6399 156.4734




Table 3-5-a. SSE for 5 f_BF VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
f_BF @ (rot/mL) f_BF @
Time (Day) 0.010 0.030 0.050 0.070 0.090 DATASET#3 0.01 0.03 0.05 0.07 0.09
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 873.62 873.49 873.35 873.21 873.06
0.50 894.26 893.85 893.41 892.94 892.44
0.75 915.41 914.59 913.68 912.70 911.66
1.00 936.94 935.53 933.95 932.23 930.43 967.00 903.60 990.36 1092.30 1208.95 1337.36
1.25 953.73 951.53 949.02 946.30 943.48
1.50 975.63 972.34 968.54 964.46 960.28
1.75 997.63 992.85 987.31 981.42 975.52
2.00 1019.64 1012.86 1004.95 996.72 988.71 949.00 4990.01 4078.10 3130.40 2277.20 1576.88
2.25 1036.03 1026.57 1015.58 1004.49 994.03
2.50 1057.65 1044.51 1029.45 1014.88 1001.64
2.75 1078.93 1060.70 1040.38 1021.83 1005.67
3.00 1099.57 1074.09 1047.22 1024.51 1005.52 868.00 53624.66 42473.09 32119.81 24495.38 18911.75
3.25 1113.10 1078.13 1044.65 1018.58 997.43
3.50 1132.30 1086.81 1048.19 1019.68 996.79
3.75 1151.51 1096.05 1053.84 1023.36 998.88
4.00 1170.95 1106.94 1061.96 1029.64 1003.57 885.00 81767.40 49257.36 31314.84 20920.73 14058.84
4.25 1184.51 1113.32 1066.04 1031.95 1004.34
4.50 1203.10 1124.43 1074.48 1038.26 1008.80
4.75 1219.60 1133.19 1080.49 1042.05 1010.72
5.00 1232.46 1138.34 1083.14 1042.66 1009.65 728.00 254479.89 168378.92 126124.42 99010.92 79326.72
5.25 1233.39 1133.75 1077.10 1035.30 1001.15
5.50 1236.80 1134.46 1076.80 1033.86 998.62
5.75 1238.20 1135.77 1077.40 1033.44 997.16
6.00 1239.55 1138.21 1079.14 1034.13 996.79 796.00 196736.60 117107.68 80168.26 56705.90 40316.62  
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6.25 1237.06 1137.20 1077.58 1031.69 993.44
6.50 1248.18 1147.99 1087.06 1039.82 1000.33
6.75 1265.72 1164.02 1101.38 1052.58 1011.68
7.00 1288.30 1184.32 1119.73 1069.23 1026.84 967.00 103233.69 47227.98 23326.45 10450.97 3580.83
7.25 1307.61 1201.32 1134.80 1082.63 1038.76
7.50 1333.07 1223.41 1154.09 1099.52 1053.57
7.75 1356.54 1242.68 1169.70 1112.07 1063.63
8.00 1375.07 1255.58 1177.76 1116.69 1065.83 976.00 159256.86 78164.98 40707.10 19793.68 8069.43
8.25 1373.97 1249.10 1167.76 1105.16 1053.58
8.50 1360.84 1237.25 1156.63 1094.72 1043.53
8.75 1335.36 1219.44 1142.14 1081.96 1031.68
9.00 1307.15 1199.33 1125.81 1067.62 1018.44 897.00 168223.02 91403.43 52354.02 29111.18 14747.67
9.25 1271.54 1171.79 1102.33 1046.47 998.74
9.50 1242.44 1149.68 1083.76 1029.94 983.44
9.75 1212.98 1126.75 1064.23 1012.42 967.20
10.00 1183.30 1103.15 1043.88 994.06 950.14 763.00 176652.09 115702.02 78893.57 53388.72 35021.38
10.25 1148.97 1074.60 1018.54 970.81 928.34
10.50 1124.55 1054.67 1001.01 954.77 913.27
10.75 1103.41 1037.30 985.59 940.53 899.80
11.00 1085.19 1022.21 972.07 927.92 887.75 717.00 135563.88 93153.14 65060.70 44487.25 29155.56
11.25 1065.33 1005.05 956.27 912.93 873.30
11.50 1057.48 998.57 950.23 907.00 867.31
11.75 1055.34 996.91 948.41 904.83 864.74
12.00 1058.16 999.45 950.28 905.99 865.20 819.00 57197.51 32562.20 17234.44 7567.26 2134.44
12.25 1058.85 999.55 949.57 904.48 862.99
12.50 1065.71 1005.15 953.84 907.57 865.04
12.75 1072.04 1010.03 957.31 909.83 866.29
13.00 1077.11 1013.67 959.61 911.03 866.58 837.00 57652.81 31212.29 15033.21 5480.44 874.98
13.25 1074.28 1010.01 955.13 905.91 860.95
13.50 1073.12 1008.33 952.82 903.04 857.60
13.75 1066.64 1002.43 947.01 897.19 851.64
14.00 1054.50 992.08 937.56 888.25 843.02 733.00 103362.25 67122.45 41844.79 24102.56 12104.40
14.25 1032.98 973.38 920.61 872.49 828.12
14.50 1016.42 959.33 908.12 861.04 817.37
14.75 999.98 945.24 895.53 849.46 806.50
15.00 983.85 931.24 882.94 837.84 795.56 748.00 55625.22 33576.90 18208.80 8071.23 2261.95
15.25 963.88 913.37 866.53 822.50 781.05
15.50 952.18 902.97 856.97 813.51 772.44
15.75 943.43 895.04 849.50 806.33 765.43
16.00 937.33 889.31 843.93 800.79 759.86 741.00 38545.47 21995.86 10594.58 3574.84 355.70
16.25 928.79 881.00 835.71 792.61 751.70
16.50 927.66 879.47 833.74 790.23 748.95
16.75 928.68 879.74 833.33 789.23 747.42
17.00 931.64 881.64 834.33 789.47 747.02 848.00 6995.65 1131.65 186.87 3425.76 10196.96
17.25 930.59 879.53 831.40 785.89 742.94
17.50 932.53 880.03 830.82 784.49 740.90
17.75 930.65 877.00 827.06 780.25 736.31
18.00 923.31 869.44 819.50 772.77 728.93 732.00 36599.52 18889.75 7656.25 1662.19 9.42
18.25 907.51 854.77 805.78 759.83 716.63
18.50 899.94 848.01 799.52 753.89 710.89
18.75 897.08 845.36 796.88 751.15 708.00
19.00 898.64 846.49 797.52 751.29 707.66 795.00 10741.25 2651.22 6.35 1910.56 7628.28
19.25 898.45 845.61 795.98 749.18 705.07
19.50 903.01 848.86 798.11 750.37 705.48
19.75 906.34 850.72 798.83 750.20 704.62
20.00 907.46 850.48 797.65 748.35 702.27 727.00 32565.81 15247.31 4991.42 455.82 611.57
20.25 901.75 844.16 791.03 741.61 695.48
20.50 901.68 843.45 789.88 740.09 693.64
20.75 903.49 844.59 790.45 740.16 693.24
21.00 907.51 847.72 792.78 741.78 694.24 850.00 3307.40 5.20 3274.13 11711.57 24261.18
21.25 908.51 847.85 792.18 740.55 692.49
21.50 914.72 852.66 795.79 743.18 694.29
21.75 920.76 857.14 799.03 745.42 695.72
22.00 926.21 861.00 801.69 747.13 696.68 938.00 139.00 5929.00 18580.42 36431.36 58235.34
22.25 925.83 859.48 799.41 744.31 693.46
22.50 929.16 861.57 800.60 744.81 693.40
22.75 931.02 862.55 800.93 744.61 692.75
23.00 931.22 862.34 800.35 743.69 691.50 898.00 1103.57 1271.64 9535.52 23811.58 42642.25  
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23.25 925.29 856.82 795.04 738.47 686.33
23.50 924.64 856.39 794.53 737.76 685.36
23.75 924.92 856.83 794.80 737.74 685.02
24.00 926.35 858.23 795.90 738.43 685.30 909.00 301.02 2577.59 12791.61 29094.12 50041.69
24.25 923.78 855.79 793.33 735.67 682.32
24.50 926.01 857.71 794.75 736.57 682.73
24.75 927.62 859.04 795.64 736.99 682.72
25.00 928.29 859.58 795.86 736.85 682.24 938.00 94.28 6149.70 20203.78 40461.32 65413.18
25.25 923.18 854.90 791.36 732.43 677.83
25.50 922.85 854.75 791.12 731.99 677.15
25.75 922.63 854.73 791.03 731.70 676.61
26.00 922.63 854.92 791.12 731.58 676.23 929.00 40.58 5487.85 19010.89 38974.66 63892.67
26.25 918.06 850.82 787.23 727.76 672.42
26.50 918.71 851.50 787.74 727.99 672.34
26.75 919.59 852.35 788.37 728.32 672.35
27.00 920.65 853.32 789.09 728.73 672.43 926.00 28.62 5282.38 18744.35 38915.45 64297.74
27.25 917.05 849.92 785.77 725.40 669.06
27.50 918.66 851.32 786.85 726.13 669.42
27.75 920.56 852.93 788.11 727.01 669.93
28.00 922.72 854.75 789.54 728.04 670.56 899.00 562.64 1958.06 11981.49 29227.32 52184.83
28.25 920.28 852.26 786.98 725.38 667.79
28.50 923.13 854.63 788.87 726.81 668.78
28.75 926.33 857.28 791.01 728.45 669.95
29.00 929.85 860.19 793.35 730.27 671.28 915.00 220.52 3004.14 14798.72 34125.17 59399.44
29.25 928.78 858.81 791.74 728.43 669.25
29.50 933.10 862.38 794.65 730.74 671.02
29.75 937.84 866.29 797.85 733.31 673.01
30.00 942.98 870.53 801.33 736.11 675.21 926.00 288.32 3076.92 15542.61 36058.21 62895.62
30.25 943.47 870.44 800.80 735.23 674.01
30.50 949.26 875.20 804.72 738.41 676.55
30.75 955.25 880.13 808.77 741.71 679.18
31.00 961.37 885.16 812.93 745.11 681.91 905.00 3177.58 393.63 8476.88 25564.81 49769.15
31.25 962.41 885.54 812.82 744.60 681.06
31.50 968.37 890.46 816.89 747.93 683.75
31.75 973.97 895.10 820.74 751.10 686.29
32.00 979.06 899.38 824.33 754.06 688.67 889.00 8110.80 107.74 4182.21 18208.80 40132.11
32.25 978.53 898.61 823.37 752.90 687.33
32.50 983.22 902.74 826.94 755.91 689.80
32.75 988.06 907.08 830.72 759.13 692.46
Final 993.16 911.68 834.74 762.55 695.31 863.00 16941.63 2369.74 798.63 10090.20 28119.94
SSE 1.77E+06 1.07E+06 8.08E+05 7.91E+05 9.44E+05
n = 34
Mean Ro = 856.82 231.5320 180.0623 156.4734 154.7996 169.0944
0.2702 0.2102 0.1826 0.1807 0.1974  
 
 
Further Calibration with Dataset #3 
 
Table 3-1-b. SSE for 5 b_R VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_R @ (rot/mL) b_R @
Time (Day) 0.010 0.020 0.030 0.040 0.050 DATASET#3 0.01 0.02 0.03 0.04 0.05
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 872.58 870.40 868.23 866.06 863.90
0.50 891.85 887.41 882.98 878.58 874.20
0.75 911.20 904.39 897.64 890.93 884.28
1.00 930.35 921.10 911.95 902.88 893.91 967.00 1343.22 2106.81 3030.50 4111.37 5342.15
1.25 944.07 932.37 920.81 909.40 898.13
1.50 961.93 947.67 933.61 919.76 906.12
1.75 978.72 961.85 945.27 928.98 912.96
2.00 994.06 974.60 955.51 936.78 918.42 949.00 2030.40 655.36 42.38 149.33 935.14
2.25 1002.24 980.34 958.90 937.92 917.38
2.50 1013.55 989.21 965.43 942.19 919.48
2.75 1022.17 995.60 969.65 944.32 919.60
3.00 1027.47 998.94 971.10 943.92 917.42 868.00 25430.68 17145.28 10629.61 5763.85 2442.34  
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3.25 1024.59 994.54 965.19 936.55 908.61
3.50 1028.02 996.26 965.24 934.97 905.45
3.75 1033.29 999.68 966.86 934.85 903.65
4.00 1040.65 1005.01 970.23 936.34 903.34 885.00 24226.92 14402.40 7264.15 2635.80 336.36
4.25 1043.79 1006.21 969.58 933.92 899.24
4.50 1051.26 1011.69 973.14 935.64 899.20
4.75 1056.74 1015.44 975.20 936.04 898.00
5.00 1059.65 1016.97 975.34 934.79 895.39 728.00 109991.72 83503.66 61177.08 42762.10 28019.41
5.25 1054.74 1011.22 968.69 927.21 886.86
5.50 1055.46 1010.90 967.28 924.68 883.20
5.75 1056.84 1011.16 966.39 922.64 880.01
6.00 1059.06 1012.19 966.20 921.22 877.38 796.00 69200.56 46738.12 28968.04 15680.05 6622.70
6.25 1057.61 1009.53 962.34 916.20 871.22
6.50 1066.32 1016.21 967.10 919.13 872.43
6.75 1079.32 1026.67 975.17 924.96 876.18
7.00 1096.11 1040.45 986.15 933.35 882.19 967.00 16669.39 5394.90 366.72 1132.32 7192.74
7.25 1109.48 1050.85 993.81 938.51 885.08
7.50 1126.59 1064.87 1004.98 947.03 891.18
7.75 1139.94 1075.66 1013.32 953.10 895.13
8.00 1146.90 1081.17 1017.29 955.49 895.98 976.00 29206.81 11060.73 1704.86 420.66 6403.20
8.25 1139.39 1074.16 1010.36 948.34 888.42
8.50 1132.83 1068.62 1005.40 943.55 883.48
8.75 1123.07 1060.17 997.93 936.70 876.89
9.00 1111.16 1049.66 988.61 928.25 868.98 897.00 45864.51 23305.08 8392.39 976.56 785.12
9.25 1091.80 1032.07 972.62 913.61 855.40
9.50 1076.99 1018.77 960.67 902.82 845.50
9.75 1060.99 1004.33 947.69 891.10 834.80
10.00 1043.92 988.90 933.78 878.55 823.38 763.00 78916.05 51030.81 29165.81 13351.80 3645.74
10.25 1021.35 968.15 914.76 861.13 807.37
10.50 1005.95 953.99 901.78 849.23 796.40
10.75 992.20 941.24 889.99 838.30 786.22
11.00 979.95 929.81 879.32 828.31 776.82 717.00 69142.70 45288.10 26347.78 12389.92 3578.43
11.25 964.86 915.47 865.70 815.36 764.47
11.50 958.90 909.47 859.66 809.27 758.31
11.75 956.65 906.72 856.41 805.55 754.13
12.00 957.71 906.85 855.66 803.97 751.76 819.00 19240.46 7717.62 1343.96 225.90 4521.22
12.25 955.86 904.11 852.07 799.59 746.67
12.50 958.99 906.13 853.00 799.48 745.58
12.75 961.43 907.60 853.51 799.04 744.24
13.00 962.89 908.30 853.41 798.13 742.52 837.00 15848.29 5083.69 269.29 1510.88 8926.47
13.25 957.83 903.01 847.84 792.24 736.29
13.50 955.40 900.49 845.12 789.22 732.91
13.75 950.07 895.55 840.42 784.62 728.27
14.00 941.67 888.01 833.57 778.27 722.25 733.00 43543.17 24028.10 10114.32 2049.37 115.56
14.25 925.98 873.74 820.57 766.37 711.26
14.50 914.63 863.52 811.38 758.07 703.66
14.75 903.02 853.00 801.89 749.47 695.81
15.00 891.27 842.32 792.22 740.70 687.80 748.00 20526.29 8896.26 1955.41 53.29 3624.04
15.25 875.39 827.64 778.68 728.25 676.33
15.50 866.02 818.92 770.59 720.73 669.30
15.75 858.44 811.73 763.77 714.25 663.12
16.00 852.50 805.96 758.16 708.78 657.75 741.00 12432.25 4219.80 294.47 1038.13 6930.56
16.25 843.65 797.31 749.71 700.53 649.71
16.50 840.89 794.30 746.44 697.03 645.97
16.75 839.54 792.51 744.23 694.40 642.96
17.00 839.48 791.84 742.97 692.58 640.62 848.00 72.59 3153.95 11031.30 24155.38 43006.46
17.25 835.36 787.35 738.14 687.43 635.19
17.50 833.80 785.50 735.96 684.90 632.30
17.75 829.54 781.43 731.98 680.93 628.28
18.00 822.15 774.76 725.88 675.28 622.94 732.00 8127.02 1828.42 37.45 3217.16 11894.08
18.25 808.89 762.63 714.79 665.09 613.52
18.50 802.57 756.71 709.22 659.83 608.50
18.75 799.35 753.37 705.78 656.28 604.84
19.00 799.04 752.50 704.39 654.41 602.54 795.00 16.32 1806.25 8210.17 19765.55 37040.85
19.25 796.28 749.20 700.60 650.21 597.99
19.50 797.15 749.40 700.15 649.13 596.34
19.75 796.78 748.59 698.89 647.42 594.20
20.00 794.81 746.49 696.60 644.90 591.42 727.00 4598.20 379.86 924.16 6740.41 18381.94  
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20.25 787.70 739.66 689.98 638.45 585.11
20.50 785.96 737.74 687.85 636.08 582.48
20.75 785.73 737.08 686.75 634.55 580.53
21.00 787.06 737.72 686.73 633.90 579.29 850.00 3961.44 12606.80 26657.09 46699.21 73283.90
21.25 785.32 735.39 683.86 630.54 575.53
21.50 787.72 736.96 684.62 630.54 574.82
21.75 789.78 738.27 685.19 630.40 574.01
22.00 791.37 739.21 685.48 630.03 573.03 938.00 21500.36 39517.46 63766.35 94845.52 133203.10
22.25 788.20 735.79 681.78 626.07 568.83
22.50 788.61 735.80 681.34 625.15 567.43
22.75 788.34 735.26 680.47 623.91 565.80
23.00 787.35 734.15 679.15 622.32 563.90 898.00 12243.42 26846.82 47895.32 75999.46 111622.81
23.25 781.82 728.84 673.99 617.24 558.88
23.50 780.97 727.83 672.76 615.74 557.07
23.75 780.78 727.36 671.97 614.59 555.55
24.00 781.29 727.47 671.64 613.81 554.32 909.00 16309.84 32953.14 56339.77 87137.14 125797.90
24.25 778.11 724.10 668.07 610.04 550.37
24.50 778.86 724.42 667.93 609.42 549.27
24.75 779.17 724.40 667.53 608.61 548.04
25.00 778.96 723.98 666.82 607.57 546.63 938.00 25293.72 45804.56 73538.59 109183.98 153170.48
25.25 774.24 719.40 662.34 603.12 542.19
25.50 773.70 718.72 661.44 601.94 540.69
25.75 773.31 718.15 660.63 600.84 539.27
26.00 773.07 717.72 659.94 599.84 537.93 929.00 24314.16 44639.24 72393.28 108346.31 152935.74
26.25 768.91 713.62 655.86 595.75 533.81
26.50 769.01 713.46 655.39 594.93 532.62
26.75 769.22 713.40 655.01 594.18 531.49
27.00 769.52 713.42 654.70 593.50 530.42 926.00 24485.99 45190.26 73603.69 110556.25 156483.54
27.25 765.86 709.76 651.00 589.74 526.59
27.50 766.47 710.04 650.90 589.23 525.66
27.75 767.24 710.46 650.93 588.83 524.82
28.00 768.17 711.00 651.06 588.51 524.04 899.00 17116.49 35344.00 61474.24 96404.04 140595.00
28.25 765.19 707.93 647.85 585.17 520.58
28.50 766.52 708.81 648.26 585.08 519.99
28.75 768.06 709.88 648.82 585.11 519.49
29.00 769.80 711.11 649.51 585.25 519.10 915.00 21083.04 41571.13 70484.94 108735.06 156736.81
29.25 767.67 708.74 646.91 582.41 516.04
29.50 769.89 710.38 647.94 582.82 515.85
29.75 772.38 712.24 649.14 583.37 515.78
30.00 775.12 714.31 650.52 584.06 515.81 926.00 22764.77 44812.66 75889.23 116922.96 168255.84
30.25 773.96 712.77 648.60 581.78 513.22
30.50 777.09 715.16 650.25 582.69 513.43
30.75 780.35 717.67 652.00 583.69 513.70
31.00 783.72 720.29 653.83 584.75 514.04 905.00 14708.84 34117.78 63086.37 102560.06 152849.72
31.25 782.98 719.12 652.25 582.76 511.69
31.50 786.31 721.72 654.09 583.84 512.05
31.75 789.49 724.21 655.86 584.87 512.37
32.00 792.48 726.57 657.53 585.84 512.66 889.00 9316.11 26383.50 53578.36 91905.99 141631.80
32.25 791.15 724.99 655.66 583.67 510.20
32.50 794.19 727.40 657.39 584.69 510.53
32.75 797.43 729.98 659.26 585.83 510.96
Final 800.89 732.73 661.26 587.07 511.47 863.00 3857.65 16970.27 40699.03 76137.36 123573.34
SSE 8.13E+05 8.05E+05 9.91E+05 1.38E+06 1.99E+06
n = 34
Mean Ro = 856.82 156.9968 156.1374 173.2642 204.7588 245.5596
0.1832 0.1822 0.2022 0.2390 0.2866  
Table 3-2-b. SSE for 5 Y_Rot VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
Y  @ (rot/mL) Y  @
Time (Day) 1667.000 1717.000 1767.000 1817.000 1867.000 DATASET#3 1667.00 1717.00 1767.00 1817.00 1867.00
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 870.39 870.39 870.40 870.41 870.42
0.50 887.35 887.38 887.41 887.43 887.45
0.75 904.29 904.34 904.39 904.44 904.48
1.00 920.92 921.01 921.10 921.18 921.26 967.00 2123.37 2115.08 2106.81 2099.47 2092.15
1.25 932.07 932.22 932.37 932.51 932.64
1.50 947.17 947.43 947.67 947.88 948.09
1.75 961.07 961.48 961.85 962.19 962.51
2.00 973.39 974.02 974.60 975.13 975.61 949.00 594.87 626.00 655.36 682.78 708.09  
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2.25 978.52 979.47 980.34 981.13 981.86
2.50 986.51 987.93 989.21 990.38 991.45
2.75 991.66 993.73 995.60 997.28 998.82
3.00 993.38 996.31 998.94 1001.33 1003.49 868.00 15720.14 16463.46 17145.28 17776.89 18357.54
3.25 987.15 991.03 994.54 997.72 1000.60
3.50 987.20 991.95 996.26 1000.18 1003.75
3.75 989.21 994.69 999.68 1004.23 1008.38
4.00 993.36 999.45 1005.01 1010.09 1014.74 885.00 11741.89 13098.80 14402.40 15647.51 16832.47
4.25 993.56 1000.16 1006.21 1011.75 1016.84
4.50 997.90 1005.09 1011.69 1017.75 1023.33
4.75 1000.36 1008.22 1015.44 1022.09 1028.22
5.00 1000.42 1009.03 1016.97 1024.30 1031.06 728.00 74212.66 78977.86 83503.66 87793.69 91845.36
5.25 993.20 1002.56 1011.22 1019.24 1026.65
5.50 991.40 1001.52 1010.90 1019.61 1027.69
5.75 990.31 1001.11 1011.16 1020.51 1029.21
6.00 990.09 1001.52 1012.19 1022.13 1031.41 796.00 37670.93 42238.47 46738.12 51134.78 55417.87
6.25 986.48 998.39 1009.53 1019.94 1029.67
6.50 992.31 1004.65 1016.21 1027.04 1037.17
6.75 1002.07 1014.76 1026.67 1037.83 1048.28
7.00 1015.23 1028.24 1040.45 1051.90 1062.63 967.00 2326.13 3750.34 5394.90 7208.01 9145.10
7.25 1025.15 1038.41 1050.85 1062.52 1073.47
7.50 1038.53 1052.12 1064.87 1076.85 1088.09
7.75 1048.56 1062.52 1075.66 1088.00 1099.59
8.00 1053.03 1067.52 1081.17 1094.01 1106.08 976.00 5933.62 8375.91 11060.73 13926.36 16920.81
8.25 1044.76 1059.89 1074.16 1087.60 1100.27
8.50 1037.72 1053.59 1068.62 1082.82 1096.24
8.75 1027.88 1044.44 1060.17 1075.10 1089.25
9.00 1016.14 1033.30 1049.66 1065.25 1080.07 897.00 14194.34 18577.69 23305.08 28308.06 33514.62
9.25 997.68 1015.25 1032.07 1048.15 1063.50
9.50 983.46 1001.48 1018.77 1035.35 1051.23
9.75 968.25 986.63 1004.33 1021.36 1037.72
10.00 952.16 970.85 988.90 1006.30 1023.08 763.00 35781.51 43201.62 51030.81 59194.89 67641.61
10.25 931.08 949.92 968.15 985.78 1002.81
10.50 916.49 935.53 953.99 971.88 989.20
10.75 903.38 922.58 941.24 959.36 976.93
11.00 891.63 910.97 929.81 948.12 965.92 717.00 30495.64 37624.36 45288.10 53416.45 61961.17
11.25 877.20 896.58 915.47 933.86 951.77
11.50 870.92 890.43 909.47 928.04 946.13
11.75 867.83 887.51 906.72 925.46 943.75
12.00 867.61 887.46 906.85 925.80 944.29 819.00 2362.93 4686.77 7717.62 11406.24 15697.58
12.25 864.68 884.61 904.11 923.16 941.77
12.50 866.30 886.43 906.13 925.38 944.20
12.75 867.39 887.71 907.60 927.06 946.09
13.00 867.72 888.22 908.30 927.95 947.18 837.00 943.72 2623.49 5083.69 8271.90 12139.63
13.25 862.32 882.87 903.01 922.74 942.06
13.50 859.53 880.21 900.49 920.38 939.86
13.75 854.39 875.16 895.55 915.56 935.18
14.00 846.73 867.55 888.01 908.10 927.82 733.00 12934.51 18103.70 24028.10 30660.01 37954.83
14.25 832.66 853.37 873.74 893.76 913.43
14.50 822.49 843.17 863.52 883.55 903.24
14.75 812.07 832.69 853.00 873.01 892.70
15.00 801.53 822.07 842.32 862.29 881.95 748.00 2865.46 5486.36 8896.26 13062.20 17942.60
15.25 787.21 807.56 827.64 847.44 866.97
15.50 778.62 798.90 818.92 838.68 858.18
15.75 771.53 791.75 811.73 831.47 850.95
16.00 765.81 786.00 805.96 825.68 845.16 741.00 615.54 2025.00 4219.80 7170.70 10849.31
16.25 757.39 777.46 797.31 816.93 836.32
16.50 754.35 774.43 794.30 813.95 833.37
16.75 752.49 772.60 792.51 812.20 831.68
17.00 751.71 771.88 791.84 811.59 831.14 848.00 9271.76 5794.25 3153.95 1325.69 284.26
17.25 747.32 767.43 787.35 807.07 826.58
17.50 745.41 765.55 785.50 805.26 824.81
17.75 741.38 761.50 781.43 801.18 820.74
18.00 734.85 754.89 774.76 794.45 813.95 732.00 8.12 523.95 1828.42 3900.00 6715.80
18.25 723.16 742.98 762.63 782.12 801.43
18.50 717.39 737.13 756.71 776.13 795.39
18.75 714.11 733.82 753.37 772.78 792.02





19.25 709.97 729.66 749.20 768.60 787.85
19.50 710.08 729.81 749.40 768.85 788.15
19.75 709.22 728.97 748.59 768.07 787.41
20.00 707.13 726.88 746.49 765.97 785.32 727.00 394.82 0.01 379.86 1518.66 3401.22
20.25 700.56 720.17 739.66 759.02 778.25
20.50 698.65 718.25 737.74 757.10 776.33
20.75 697.95 717.57 737.08 756.47 775.73
21.00 698.49 718.16 737.72 757.16 776.48 850.00 22955.28 17381.79 12606.80 8619.27 5405.19
21.25 696.23 715.87 735.39 754.80 774.10
21.50 697.65 717.36 736.96 756.45 775.81
21.75 698.84 718.61 738.27 757.83 777.26
22.00 699.67 719.49 739.21 758.82 778.32 938.00 56801.19 47746.62 39517.46 32105.47 25497.70
22.25 696.37 716.14 735.79 755.35 774.79
22.50 696.32 716.11 735.80 755.39 774.87
22.75 695.75 715.55 735.26 754.87 774.37
23.00 694.63 714.44 734.15 753.77 773.28 898.00 41359.36 33694.27 26846.82 20802.29 15555.08
23.25 689.54 709.23 728.84 748.35 767.76
23.50 688.53 708.22 727.83 747.34 766.76
23.75 688.03 707.74 727.36 746.89 766.33
24.00 688.08 707.82 727.47 747.03 766.50 909.00 48805.65 40473.39 32953.14 26234.28 20306.25
24.25 684.85 704.52 724.10 743.60 763.01
24.50 685.11 704.80 724.42 743.95 763.40
24.75 685.05 704.76 724.40 743.96 763.44
25.00 684.60 704.32 723.98 743.55 763.04 938.00 64211.56 54606.34 45804.56 37810.80 30611.00
25.25 680.23 699.85 719.40 738.88 758.28
25.50 679.54 699.16 718.72 738.20 757.61
25.75 678.96 698.59 718.15 737.64 757.06
26.00 678.51 698.14 717.72 737.22 756.65 929.00 62745.24 53296.34 44639.24 36779.57 29704.52
26.25 674.59 694.14 713.62 733.03 752.38
26.50 674.40 693.96 713.46 732.89 752.25
26.75 674.31 693.89 713.40 732.85 752.23
27.00 674.30 693.89 713.42 732.89 752.29 926.00 63352.89 53875.05 45190.26 37291.47 30175.16
27.25 670.80 690.31 709.76 729.14 748.47
27.50 671.04 690.56 710.04 729.45 748.80
27.75 671.40 690.96 710.46 729.90 749.28
28.00 671.89 691.48 711.00 730.48 749.90 899.00 51578.95 43064.55 35344.00 28398.99 22230.81
28.25 668.96 688.47 707.93 727.33 746.68
28.50 669.77 689.31 708.81 728.26 747.65
28.75 670.75 690.34 709.88 729.37 748.80
29.00 671.89 691.52 711.11 730.65 750.13 915.00 59102.47 49943.31 41571.13 33984.92 27182.12
29.25 669.63 689.21 708.74 728.23 747.66
29.50 671.15 690.79 710.38 729.93 749.42
29.75 672.89 692.59 712.24 731.85 751.40
30.00 674.82 694.59 714.31 733.98 753.61 926.00 63091.39 53550.59 44812.66 36871.68 29718.31
30.25 673.35 693.08 712.77 732.41 752.01
30.50 675.59 695.40 715.16 734.88 754.56
30.75 677.94 697.83 717.67 737.47 757.23
31.00 680.39 700.36 720.29 740.17 760.01 905.00 50449.65 41877.53 34117.78 27168.93 21022.10
31.25 679.28 699.22 719.12 738.99 758.80
31.50 681.72 701.74 721.72 741.66 761.56
31.75 684.05 704.15 724.21 744.23 764.21
32.00 686.26 706.44 726.57 746.67 766.72 889.00 41103.51 33328.15 26383.50 20257.83 14952.40
32.25 684.75 704.89 724.99 745.06 765.08
32.50 687.01 707.23 727.40 747.54 767.64
32.75 689.43 709.72 729.98 750.20 770.38
Final 692.02 712.39 732.73 753.04 773.30 863.00 29234.16 22683.37 16970.27 12091.20 8046.09
SSE 9.22E+05 8.54E+05 8.05E+05 7.73E+05 7.60E+05
n = 34
Mean Ro = 856.82 167.1216 160.8376 156.1374 153.0946 151.7417






Table 3-3-b. SSE for 5 K_A VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
K_A @ (rot/mL) K_A @
Time (Day) 2.220 2.720 3.220 3.720 4.220 DATASET#3 2.22 2.72 3.22 3.72 4.22
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 871.35 870.87 870.42 869.98 869.56
0.50 889.25 888.33 887.45 886.60 885.78
0.75 907.24 905.84 904.48 903.18 901.92
1.00 925.13 923.16 921.26 919.43 917.66 967.00 1753.10 1921.95 2092.15 2262.90 2434.44
1.25 937.81 935.17 932.64 930.19 927.82
1.50 954.85 951.41 948.09 944.89 941.81
1.75 971.19 966.76 962.51 958.43 954.50
2.00 986.57 980.97 975.61 970.49 965.57 949.00 1411.50 1022.08 708.09 461.82 274.56
2.25 995.40 988.46 981.86 975.57 969.56
2.50 1008.00 999.49 991.45 983.83 976.59
2.75 1018.72 1008.45 998.82 989.75 981.18
3.00 1027.00 1014.81 1003.49 992.90 982.94 868.00 25281.00 21553.18 18357.54 15600.01 13211.20
3.25 1027.52 1013.52 1000.60 988.59 977.35
3.50 1033.98 1018.21 1003.75 990.36 977.88
3.75 1041.78 1024.32 1008.38 993.68 980.02
4.00 1051.18 1032.10 1014.74 998.78 983.97 885.00 27615.79 21638.41 16832.47 12945.89 9795.06
4.25 1056.15 1035.54 1016.84 999.68 983.79
4.50 1065.80 1043.50 1023.33 1004.85 987.78
4.75 1073.89 1049.88 1028.22 1008.43 990.18
5.00 1079.83 1054.17 1031.06 1010.00 990.60 728.00 123784.35 106386.87 91845.36 79524.00 68958.76
5.25 1078.00 1050.96 1026.65 1004.51 984.16
5.50 1081.72 1053.25 1027.69 1004.43 983.07
5.75 1085.89 1056.01 1029.21 1004.86 982.50
6.00 1090.71 1059.44 1031.41 1005.96 982.62 796.00 86853.98 69400.63 55417.87 44083.20 34827.02
6.25 1091.25 1058.75 1029.67 1003.28 979.10
6.50 1101.42 1067.49 1037.17 1009.68 984.52
6.75 1115.24 1079.87 1048.28 1019.69 993.54
7.00 1132.22 1095.44 1062.63 1032.95 1005.82 967.00 27297.65 16496.83 9145.10 4349.40 1506.99
7.25 1145.48 1107.41 1073.47 1042.79 1014.76
7.50 1163.17 1123.46 1088.09 1056.14 1026.97
7.75 1177.90 1136.46 1099.59 1066.31 1035.97
8.00 1187.32 1144.32 1106.08 1071.59 1040.16 976.00 44656.14 28331.62 16920.81 9137.45 4116.51
8.25 1182.59 1139.08 1100.27 1065.21 1033.21
8.50 1178.56 1135.21 1096.24 1060.87 1028.50
8.75 1170.77 1128.00 1089.25 1053.88 1021.39
9.00 1160.41 1118.41 1080.07 1044.89 1012.44 897.00 69384.83 49022.39 33514.62 21871.45 13326.39
9.25 1142.08 1101.12 1063.50 1028.79 996.65
9.50 1128.38 1088.28 1051.23 1016.89 984.98
9.75 1113.29 1074.12 1037.72 1003.82 972.20
10.00 1096.97 1058.77 1023.08 989.69 958.43 763.00 111535.96 87479.89 67641.61 51388.36 38192.88
10.25 1074.78 1037.66 1002.81 970.09 939.34
10.50 1060.10 1023.59 989.20 956.83 926.34
10.75 1047.09 1011.00 976.93 944.79 914.46
11.00 1035.62 999.80 965.92 933.90 903.65 717.00 101518.70 79975.84 61961.17 47045.61 34838.22
11.25 1021.06 985.47 951.77 919.89 889.76
11.50 1016.10 980.14 946.13 913.99 883.60
11.75 1014.95 978.32 943.75 911.12 880.31
12.00 1017.16 979.62 944.29 911.00 879.61 819.00 39267.39 25798.78 15697.58 8464.00 3673.57
12.25 1016.21 977.81 941.77 907.88 875.98
12.50 1020.60 981.14 944.20 909.54 876.96
12.75 1024.27 983.86 946.09 910.69 877.47
13.00 1026.92 985.68 947.18 911.13 877.32 837.00 36069.61 22105.74 12139.63 5495.26 1625.70
13.25 1022.62 980.96 942.06 905.65 871.51
13.50 1021.13 979.13 939.86 903.08 868.58
13.75 1016.43 974.51 935.18 898.27 863.60
14.00 1008.27 966.86 927.82 891.06 856.44 733.00 75773.57 54690.50 37954.83 24982.96 15237.43
14.25 992.16 951.74 913.43 877.21 843.01
14.50 980.68 941.00 903.24 867.42 833.51
14.75 968.91 929.92 892.70 857.28 823.68
15.00 957.00 918.66 881.95 846.94 813.64 748.00 43681.00 29124.84 17942.60 9789.12 4308.61
15.25 940.67 903.06 866.97 832.47 799.61
15.50 931.42 894.06 858.18 823.86 791.14
15.75 924.12 886.79 850.95 816.65 783.95
16.00 918.60 881.13 845.16 810.77 777.98 741.00 31541.76 19636.42 10849.31 4867.85 1367.52  
 265
 
16.25 909.94 872.35 836.32 801.90 769.10
16.50 907.84 869.78 833.37 798.63 765.55
16.75 907.22 868.57 831.68 796.52 763.09
17.00 907.95 868.61 831.14 795.49 761.64 848.00 3594.00 424.77 284.26 2757.30 7458.05
17.25 904.35 864.47 826.58 790.60 756.47
17.50 903.57 863.16 824.81 788.43 753.93
17.75 899.79 859.26 820.74 784.17 749.51
18.00 892.40 852.25 813.95 777.51 742.90 732.00 25728.16 14460.06 6715.80 2071.16 118.81
18.25 878.44 839.11 801.43 765.48 731.28
18.50 872.14 832.95 795.39 759.52 725.37
18.75 869.29 829.81 792.02 755.97 721.66
19.00 869.60 829.49 791.22 754.76 720.11 795.00 5565.16 1189.56 14.29 1619.26 5608.51
19.25 867.29 826.58 787.85 751.03 716.08
19.50 869.00 827.53 788.15 750.80 715.39
19.75 869.35 827.29 787.41 749.62 713.83
20.00 867.92 825.52 785.32 747.23 711.18 727.00 19858.45 9706.19 3401.22 409.25 250.27
20.25 860.76 818.42 778.25 740.18 704.14
20.50 859.40 816.77 776.33 738.01 701.75
20.75 859.70 816.58 775.73 737.05 700.46
21.00 861.67 817.89 776.48 737.32 700.33 850.00 136.19 1031.05 5405.19 12696.78 22401.11
21.25 860.30 815.95 774.10 734.58 697.29
21.50 863.49 818.34 775.81 735.72 697.93
21.75 866.32 820.42 777.26 736.63 698.36
22.00 868.61 822.05 778.32 737.18 698.47 938.00 4814.97 13444.40 25497.70 40328.67 57374.62
22.25 865.67 818.80 774.79 733.42 694.52
22.50 866.63 819.30 774.87 733.11 693.86
22.75 866.82 819.14 774.37 732.30 692.75
23.00 866.18 818.29 773.28 730.96 691.17 898.00 1012.51 6353.68 15555.08 27902.36 42778.65
23.25 860.49 812.71 767.76 725.47 685.69
23.50 859.93 811.94 766.76 724.24 684.25
23.75 860.10 811.81 766.33 723.53 683.28
24.00 861.05 812.35 766.50 723.36 682.80 909.00 2299.20 9341.22 20306.25 34462.21 51166.44
24.25 857.95 809.04 763.01 719.72 679.03
24.50 859.20 809.84 763.40 719.74 678.71
24.75 859.95 810.22 763.44 719.45 678.13
25.00 860.09 810.10 763.04 718.79 677.21 938.00 6069.97 16358.41 30611.00 48053.02 68011.42
25.25 855.21 805.30 758.28 714.03 672.45
25.50 854.94 804.85 757.61 713.15 671.35
25.75 854.81 804.52 757.06 712.37 670.36
26.00 854.86 804.34 756.65 711.73 669.49 929.00 5496.74 15540.12 29704.52 47206.25 67345.44
26.25 850.57 800.07 752.38 707.44 665.18
26.50 850.99 800.22 752.25 707.05 664.55
26.75 851.54 800.48 752.23 706.76 664.00
27.00 852.17 800.83 752.29 706.55 663.54 926.00 5450.87 15667.53 30175.16 48158.30 68885.25
27.25 848.41 797.04 748.47 702.69 659.64
27.50 849.38 797.68 748.80 702.73 659.40
27.75 850.52 798.48 749.28 702.90 659.29
28.00 851.82 799.43 749.90 703.20 659.30 899.00 2225.95 9914.18 22230.81 38337.64 57456.09
28.25 848.79 796.31 746.68 699.91 655.93
28.50 850.54 797.65 747.65 700.53 656.23
28.75 852.51 799.20 748.80 701.32 656.70
29.00 854.69 800.93 750.13 702.27 657.31 915.00 3637.30 13011.96 27182.12 45254.05 66404.14
29.25 852.56 798.62 747.66 699.67 654.59
29.50 855.28 800.83 749.42 701.01 655.55
29.75 858.27 803.30 751.40 702.56 656.71
30.00 861.53 806.00 753.61 704.32 658.06 926.00 4156.38 14400.00 29718.31 49142.02 71791.84
30.25 860.45 804.64 752.01 702.51 656.08
30.50 864.13 807.72 754.56 704.58 657.71
30.75 867.95 810.94 757.23 706.76 659.45
31.00 871.88 814.26 760.01 709.04 661.29 905.00 1096.93 8233.75 21022.10 38400.32 59394.56
31.25 871.24 813.32 758.80 707.61 659.66
31.50 875.11 816.61 761.56 709.89 661.50
31.75 878.81 819.77 764.21 712.07 663.25




32.25 880.94 821.26 765.08 712.35 662.99
32.50 884.43 824.28 767.64 714.48 664.72
32.75 888.14 827.49 770.38 716.78 666.60
Final 892.07 830.90 773.30 719.24 668.64 863.00 845.06 1030.41 8046.09 20666.94 37775.81
SSE 9.39E+05 7.89E+05 7.60E+05 8.30E+05 9.82E+05
n = 34
Mean Ro = 856.82 168.7260 154.6337 151.7417 158.6220 172.5155
0.1969 0.1805 0.1771 0.1851 0.2013  
Table 3-4-b. SSE for 5 b_A VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
b_A @ (rot/mL) b_A @
Time (Day) 0.020 0.030 0.040 0.050 0.060 DATASET#3 0.02 0.03 0.04 0.05 0.06
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 870.42 870.42 870.42 870.42 870.41
0.50 887.47 887.46 887.45 887.44 887.43
0.75 904.51 904.50 904.48 904.47 904.45
1.00 921.32 921.29 921.26 921.23 921.21 967.00 2086.66 2089.40 2092.15 2094.89 2096.72
1.25 932.72 932.68 932.64 932.59 932.55
1.50 948.22 948.15 948.09 948.02 947.96
1.75 962.69 962.60 962.51 962.42 962.33
2.00 975.86 975.74 975.61 975.49 975.37 949.00 721.46 715.03 708.09 701.72 695.38
2.25 982.18 982.02 981.86 981.70 981.54
2.50 991.87 991.66 991.45 991.25 991.04
2.75 999.34 999.08 998.82 998.56 998.31
3.00 1004.12 1003.80 1003.49 1003.18 1002.87 868.00 18528.65 18441.64 18357.54 18273.63 18189.92
3.25 1001.33 1000.96 1000.60 1000.23 999.87
3.50 1004.57 1004.16 1003.75 1003.34 1002.93
3.75 1009.28 1008.83 1008.38 1007.94 1007.49
4.00 1015.71 1015.23 1014.74 1014.26 1013.78 885.00 17085.10 16959.85 16832.47 16708.15 16584.29
4.25 1017.87 1017.35 1016.84 1016.33 1015.81
4.50 1024.43 1023.88 1023.33 1022.78 1022.23
4.75 1029.40 1028.81 1028.22 1027.63 1027.04
5.00 1032.33 1031.70 1031.06 1030.43 1029.81 728.00 92616.75 92233.69 91845.36 91463.90 91089.28
5.25 1027.99 1027.32 1026.65 1025.98 1025.32
5.50 1029.09 1028.39 1027.69 1026.99 1026.29
5.75 1030.68 1029.95 1029.21 1028.48 1027.76
6.00 1032.94 1032.17 1031.41 1030.65 1029.90 796.00 56140.56 55776.27 55417.87 55060.62 54709.21
6.25 1031.24 1030.45 1029.67 1028.88 1028.10
6.50 1038.79 1037.98 1037.17 1036.36 1035.55
6.75 1049.97 1049.12 1048.28 1047.45 1046.61
7.00 1064.37 1063.50 1062.63 1061.77 1060.91 967.00 9480.92 9312.25 9145.10 8981.35 8819.09
7.25 1075.26 1074.36 1073.47 1072.58 1071.70
7.50 1089.95 1089.02 1088.09 1087.16 1086.24
7.75 1101.53 1100.56 1099.59 1098.62 1097.65
8.00 1108.12 1107.10 1106.08 1105.06 1104.04 976.00 17455.69 17187.21 16920.81 16656.48 16394.24
8.25 1102.40 1101.34 1100.27 1099.21 1098.16
8.50 1098.43 1097.33 1096.24 1095.15 1094.06
8.75 1091.46 1090.36 1089.25 1088.15 1087.05
9.00 1082.28 1081.17 1080.07 1078.97 1077.88 897.00 34328.68 33918.59 33514.62 33113.08 32717.57
9.25 1065.68 1064.58 1063.50 1062.41 1061.33
9.50 1053.38 1052.31 1051.23 1050.16 1049.10
9.75 1039.83 1038.77 1037.72 1036.66 1035.61
10.00 1025.15 1024.11 1023.08 1022.05 1021.02 763.00 68722.62 68178.43 67641.61 67106.90 66574.32
10.25 1004.83 1003.82 1002.81 1001.80 1000.80
10.50 991.18 990.19 989.20 988.22 987.23
10.75 978.89 977.91 976.93 975.96 974.99
11.00 967.85 966.89 965.92 964.96 964.00 717.00 62925.72 62445.01 61961.17 61484.16 61009.00
11.25 953.67 952.72 951.77 950.81 949.87
11.50 948.04 947.09 946.13 945.18 944.23
11.75 945.67 944.71 943.75 942.79 941.84
12.00 946.23 945.26 944.29 943.31 942.35 819.00 16187.47 15941.59 15697.58 15452.98 15215.22
12.25 943.74 942.75 941.77 940.78 939.80
12.50 946.21 945.21 944.20 943.20 942.20
12.75 948.14 947.11 946.09 945.07 944.05
13.00 949.27 948.22 947.18 946.14 945.10 837.00 12604.55 12369.89 12139.63 11911.54 11685.61
13.25 944.17 943.11 942.06 941.01 939.96
13.50 942.00 940.93 939.86 938.79 937.73
13.75 937.34 936.26 935.18 934.11 933.04
14.00 929.98 928.90 927.82 926.75 925.68 733.00 38801.12 38376.81 37954.83 37539.06 37125.58  
 267
14.25 915.55 914.49 913.43 912.37 911.31
14.50 905.34 904.29 903.24 902.19 901.15
14.75 894.77 893.73 892.70 891.66 890.63
15.00 884.00 882.97 881.95 880.93 879.92 748.00 18496.00 18216.90 17942.60 17670.38 17402.89
15.25 868.97 867.97 866.97 865.97 864.97
15.50 860.17 859.17 858.18 857.19 856.20
15.75 852.92 851.93 850.95 849.96 848.98
16.00 847.14 846.15 845.16 844.18 843.20 741.00 11265.70 11056.52 10849.31 10646.11 10444.84
16.25 838.29 837.31 836.32 835.34 834.36
16.50 835.35 834.36 833.37 832.38 831.40
16.75 833.67 832.67 831.68 830.68 829.69
17.00 833.15 832.14 831.14 830.13 829.13 848.00 220.52 251.54 284.26 319.34 356.08
17.25 828.61 827.60 826.58 825.57 824.56
17.50 826.87 825.84 824.81 823.79 822.76
17.75 822.81 821.77 820.74 819.71 818.67
18.00 816.03 814.99 813.95 812.92 811.88 732.00 7061.04 6887.34 6715.80 6548.05 6380.81
18.25 803.49 802.46 801.43 800.41 799.39
18.50 797.44 796.41 795.39 794.37 793.35
18.75 794.07 793.05 792.02 791.00 789.98
19.00 793.28 792.25 791.22 790.19 789.16 795.00 2.96 7.56 14.29 23.14 34.11
19.25 789.92 788.88 787.85 786.81 785.78
19.50 790.26 789.20 788.15 787.11 786.06
19.75 789.54 788.47 787.41 786.35 785.29
20.00 787.46 786.39 785.32 784.25 783.18 727.00 3655.41 3527.17 3401.22 3277.56 3156.19
20.25 780.40 779.32 778.25 777.17 776.10
20.50 778.50 777.41 776.33 775.25 774.17
20.75 777.91 776.82 775.73 774.64 773.55
21.00 778.69 777.58 776.48 775.38 774.28 850.00 5085.12 5244.66 5405.19 5568.14 5733.52
21.25 776.32 775.21 774.10 772.99 771.88
21.50 778.07 776.94 775.81 774.69 773.57
21.75 779.55 778.40 777.26 776.12 774.99
22.00 780.64 779.48 778.32 777.17 776.01 938.00 24762.17 25128.59 25497.70 25866.29 26240.76
22.25 777.12 775.96 774.79 773.63 772.47
22.50 777.22 776.05 774.87 773.69 772.52
22.75 776.75 775.56 774.37 773.19 772.01
23.00 775.67 774.48 773.28 772.09 770.90 898.00 14964.63 15257.19 15555.08 15853.33 16154.41
23.25 770.15 768.95 767.76 766.56 765.37
23.50 769.17 767.97 766.76 765.56 764.37
23.75 768.76 767.54 766.33 765.13 763.92
24.00 768.94 767.72 766.50 765.29 764.07 909.00 19616.80 19960.04 20306.25 20652.56 21004.70
24.25 765.45 764.23 763.01 761.79 760.57
24.50 765.86 764.63 763.40 762.17 760.94
24.75 765.92 764.68 763.44 762.20 760.96
25.00 765.54 764.29 763.04 761.80 760.55 938.00 29742.45 30175.16 30611.00 31046.44 31488.50
25.25 760.78 759.53 758.28 757.03 755.78
25.50 760.12 758.87 757.61 756.36 755.11
25.75 759.59 758.32 757.06 755.80 754.55
26.00 759.19 757.92 756.65 755.38 754.12 929.00 28835.44 29268.37 29704.52 30143.90 30583.01
26.25 754.91 753.64 752.38 751.11 749.85
26.50 754.80 753.53 752.25 750.98 749.71
26.75 754.80 753.51 752.23 750.95 749.67
27.00 754.88 753.58 752.29 751.01 749.72 926.00 29282.05 29728.66 30175.16 30621.50 31074.64
27.25 751.05 749.76 748.47 747.18 745.90
27.50 751.40 750.10 748.80 747.51 746.21
27.75 751.90 750.59 749.28 747.98 746.68
28.00 752.53 751.21 749.90 748.58 747.27 899.00 21453.46 21841.88 22230.81 22626.18 23021.99
28.25 749.32 748.00 746.68 745.37 744.05
28.50 750.30 748.97 747.65 746.32 745.00
28.75 751.48 750.14 748.80 747.47 746.14
29.00 752.82 751.48 750.13 748.79 747.44 915.00 26302.35 26738.79 27182.12 27625.76 28076.35
29.25 750.36 749.01 747.66 746.32 744.97
29.50 752.14 750.78 749.42 748.06 746.70
29.75 754.15 752.78 751.40 750.03 748.66
30.00 756.38 754.99 753.61 752.22 750.84 926.00 28770.94 29244.42 29718.31 30199.49 30681.03
30.25 754.79 753.40 752.01 750.62 749.23
30.50 757.37 755.96 754.56 753.15 751.75
30.75 760.07 758.65 757.23 755.81 754.40
31.00 762.87 761.44 760.01 758.58 757.15 905.00 20200.94 20609.47 21022.10 21438.82 21859.62  
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31.25 761.68 760.24 758.80 757.36 755.93
31.50 764.47 763.02 761.56 760.11 758.66
31.75 767.15 765.68 764.21 762.75 761.29
32.00 769.69 768.20 766.72 765.24 763.77 889.00 14234.88 14592.64 14952.40 15316.54 15682.55
32.25 768.05 766.56 765.08 763.59 762.11
32.50 770.64 769.14 767.64 766.15 764.65
32.75 773.40 771.89 770.38 768.87 767.37
Final 776.35 774.83 773.30 771.78 770.27 863.00 7508.22 7773.95 8046.09 8321.09 8598.85
SSE 7.59E+05 7.59E+05 7.60E+05 7.60E+05 7.61E+05
n = 34
Mean Ro = 856.82 151.6722 151.7031 151.7417 151.7886 151.8452
0.1770 0.1771 0.1771 0.1772 0.1772  
 
 
Table 3-5-b. SSE for 5 f_BF VS Rotifer counts in Trial #3
Rot Modeled (rot/mL) Rot Observed SE(Squared Error) of Rot Modeled
f_BF @ (rot/mL) f_BF @
Time (Day) 0.030 0.040 0.050 0.060 0.070 DATASET#3 0.03 0.04 0.05 0.06 0.07
0.00 854.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 870.67 870.59 870.51 870.42 870.34
0.50 888.28 888.01 887.74 887.47 887.18
0.75 906.18 905.64 905.09 904.51 903.92
1.00 924.18 923.27 922.31 921.32 920.30 967.00 1833.55 1912.31 1997.20 2086.66 2180.89
1.25 937.19 935.77 934.27 932.72 931.14
1.50 954.84 952.72 950.51 948.22 945.88
1.75 972.11 969.09 965.93 962.69 959.42
2.00 988.85 984.65 980.29 975.86 971.44 949.00 1588.02 1270.92 979.06 721.46 503.55
2.25 999.51 993.85 988.03 982.18 976.42
2.50 1014.53 1007.02 999.40 991.87 984.55
2.75 1028.38 1018.59 1008.82 999.34 990.28
3.00 1040.63 1028.05 1015.77 1004.12 993.19 868.00 29801.12 25616.00 21835.97 18528.65 15672.54
3.25 1045.49 1029.88 1015.06 1001.33 988.67
3.50 1055.77 1037.24 1020.12 1004.57 990.41
3.75 1066.53 1045.43 1026.37 1009.28 993.83
4.00 1078.20 1054.89 1034.17 1015.71 999.09 885.00 37326.24 28862.61 22251.69 17085.10 13016.53
4.25 1084.97 1059.75 1037.55 1017.87 1000.16
4.50 1096.69 1069.39 1045.53 1024.43 1005.46
4.75 1107.19 1077.67 1052.03 1029.40 1009.09
5.00 1115.95 1084.05 1056.54 1032.33 1010.63 728.00 150505.20 126771.60 107938.53 92616.75 79879.72
5.25 1116.84 1082.76 1053.58 1027.99 1005.11
5.50 1123.04 1086.84 1056.03 1029.09 1005.07
5.75 1129.15 1091.08 1058.82 1030.68 1005.60
6.00 1135.54 1095.80 1062.22 1032.94 1006.85 796.00 115287.41 89880.04 70873.09 56140.56 44457.72
6.25 1137.03 1096.04 1061.42 1031.24 1004.34
6.50 1148.10 1105.77 1070.00 1038.79 1010.96
6.75 1162.78 1119.13 1082.21 1049.97 1021.19
7.00 1180.69 1135.73 1097.65 1064.37 1034.65 967.00 45663.42 28469.81 17069.42 9480.92 4576.52
7.25 1194.84 1148.66 1109.52 1075.26 1044.65
7.50 1214.08 1166.22 1125.57 1089.95 1058.10
7.75 1231.22 1181.30 1138.81 1101.53 1068.19
8.00 1244.67 1192.13 1147.36 1108.12 1073.09 976.00 72183.57 46712.18 29364.25 17455.69 9426.47
8.25 1245.62 1190.31 1143.35 1102.40 1066.03
8.50 1247.50 1189.47 1140.67 1098.43 1061.11
8.75 1243.23 1183.79 1134.20 1091.46 1053.76
9.00 1233.52 1174.29 1124.91 1082.28 1044.59 897.00 113245.71 76889.74 51942.97 34328.68 21782.81
9.25 1213.37 1155.86 1107.59 1065.68 1028.44
9.50 1197.17 1141.66 1094.59 1053.38 1016.57
9.75 1179.16 1125.89 1080.18 1039.83 1003.55
10.00 1159.78 1108.81 1064.56 1025.15 989.49 763.00 157434.37 119584.56 90938.43 68722.62 51297.72
10.25 1134.22 1085.69 1043.08 1004.83 970.00
10.50 1116.71 1070.03 1028.63 991.18 956.90
10.75 1101.25 1056.09 1015.68 978.89 945.03
11.00 1087.69 1043.77 1004.15 967.85 934.32 717.00 137411.08 106778.63 82455.12 62925.72 47227.98
11.25 1071.11 1028.32 989.45 953.67 920.50
11.50 1064.78 1022.43 983.77 948.04 914.82
11.75 1062.73 1020.40 981.61 945.67 912.20
12.00 1064.47 1021.81 982.60 946.23 912.32 819.00 60255.52 41131.90 26764.96 16187.47 8708.62  
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12.25 1063.21 1020.17 980.54 943.74 909.41
12.50 1067.96 1024.13 983.73 946.21 911.21
12.75 1072.34 1027.63 986.42 948.14 912.45
13.00 1075.93 1030.32 988.28 949.27 912.91 837.00 57087.54 37372.62 22885.64 12604.55 5762.33
13.25 1072.42 1026.22 983.65 944.17 907.41
13.50 1072.03 1025.16 982.00 942.00 904.78
13.75 1068.27 1021.08 977.62 937.34 899.86
14.00 1060.60 1013.59 970.22 929.98 892.49 733.00 107321.76 78730.75 56273.33 38801.12 25437.06
14.25 1043.93 997.89 955.24 915.55 878.51
14.50 1031.47 986.44 944.51 905.34 868.67
14.75 1018.38 974.47 933.35 894.77 858.54
15.00 1005.02 962.25 921.97 884.00 848.22 748.00 66059.28 45903.06 30265.56 18496.00 10044.05
15.25 986.99 945.48 906.17 868.97 833.80
15.50 976.37 935.67 896.94 860.17 825.30
15.75 967.95 927.79 889.44 852.92 818.22
16.00 961.59 921.73 883.56 847.14 812.48 741.00 48659.95 32663.33 20323.35 11265.70 5109.39
16.25 952.11 912.53 874.57 838.29 803.74
16.50 949.65 909.95 871.81 835.35 800.60
16.75 948.93 908.90 870.45 833.67 798.63
17.00 949.75 909.25 870.34 833.15 797.72 848.00 10353.06 3751.56 499.08 220.52 2528.08
17.25 946.26 905.35 866.11 828.61 792.92
17.50 946.15 904.61 864.83 826.87 790.76
17.75 943.31 901.28 861.10 822.81 786.43
18.00 936.87 894.66 854.38 816.03 779.61 732.00 41971.72 26458.28 14976.86 7061.04 2266.71
18.25 923.02 881.28 841.43 803.49 767.44
18.50 916.33 874.85 835.22 797.44 761.51
18.75 912.94 871.51 831.89 794.07 758.08
19.00 912.89 871.23 831.35 793.28 757.04 795.00 13898.05 5811.01 1321.32 2.96 1440.96
19.25 910.28 868.36 828.23 789.92 753.45
19.50 912.29 869.76 829.07 790.26 753.33
19.75 913.29 870.11 828.85 789.54 752.17
20.00 912.72 868.94 827.19 787.46 749.75 727.00 34491.92 20146.96 10038.04 3655.41 517.56
20.25 906.08 862.09 820.20 780.40 742.64
20.50 905.17 860.79 818.58 778.50 740.50
20.75 905.73 860.92 818.33 777.91 739.60
21.00 907.97 862.61 819.54 778.69 739.98 850.00 3360.52 159.01 927.81 5085.12 12104.40
21.25 906.71 860.93 817.50 776.32 737.33
21.50 910.45 863.93 819.83 778.07 738.56
21.75 914.01 866.69 821.91 779.55 739.51
22.00 917.16 869.05 823.59 780.64 740.09 938.00 434.31 4754.10 13089.65 24762.17 39168.37
22.25 914.86 866.24 820.39 777.12 736.32
22.50 916.71 867.40 820.97 777.22 736.01
22.75 917.72 867.83 820.91 776.75 735.18
23.00 917.79 867.45 820.16 775.67 733.81 898.00 391.64 933.30 6059.07 14964.63 26958.36
23.25 912.35 861.96 814.65 770.15 728.29
23.50 912.10 861.46 813.90 769.17 727.08
23.75 912.47 861.57 813.75 768.76 726.41
24.00 913.60 862.39 814.25 768.94 726.29 909.00 21.16 2172.49 8977.56 19616.80 33382.94
24.25 910.45 859.14 810.88 765.45 722.69
24.50 912.00 860.31 811.66 765.86 722.75
24.75 913.16 861.09 812.07 765.92 722.49
25.00 913.72 861.33 812.00 765.54 721.82 938.00 589.52 5878.29 15876.00 29742.45 46733.79
25.25 908.92 856.57 807.24 760.78 717.04
25.50 908.93 856.37 806.82 760.12 716.17
25.75 909.00 856.27 806.50 759.59 715.41
26.00 909.21 856.30 806.33 759.19 714.78 929.00 391.64 5285.29 15047.93 28835.44 45890.21
26.25 904.78 851.96 802.04 754.91 710.51
26.50 905.35 852.34 802.17 754.80 710.15
26.75 906.07 852.84 802.43 754.80 709.89
27.00 906.90 853.44 802.77 754.88 709.71 926.00 364.81 5264.95 15185.63 29282.05 46781.36
27.25 903.06 849.64 798.97 751.05 705.86
27.50 904.26 850.56 799.60 751.40 705.93
27.75 905.66 851.67 800.40 751.90 706.13
28.00 907.24 852.94 801.35 752.53 706.46 899.00 67.90 2121.52 9535.52 21453.46 37071.65
28.25 904.21 849.86 798.21 749.32 703.18
28.50 906.28 851.56 799.54 750.30 703.84
28.75 908.61 853.49 801.08 751.48 704.66
29.00 911.17 855.63 802.82 752.82 705.65 915.00 14.67 3524.80 12584.35 26302.35 43827.42  
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29.25 909.16 853.46 800.50 750.36 703.07
29.50 912.31 856.12 802.70 752.14 704.45
29.75 915.78 859.07 805.16 754.15 706.05
30.00 919.56 862.29 807.87 756.38 707.84 926.00 41.47 4058.96 13954.70 28770.94 47593.79
30.25 918.73 861.17 806.50 754.79 706.06
30.50 922.99 864.82 809.58 757.37 708.17
30.75 927.44 868.62 812.81 760.07 710.39
31.00 932.03 872.55 816.15 762.87 712.71 905.00 730.62 1053.00 7894.32 20200.94 36975.44
31.25 931.74 871.92 815.22 761.68 711.30
31.50 936.31 875.83 818.54 764.47 713.60
31.75 940.71 879.59 821.74 767.15 715.81
32.00 944.88 883.17 824.76 769.69 717.89 889.00 3122.57 33.99 4126.78 14234.88 29278.63
32.25 943.85 881.91 823.30 768.05 716.10
32.50 947.94 885.46 826.36 770.64 718.26
32.75 952.21 889.20 829.59 773.40 720.58
Final 956.69 893.14 833.03 776.35 723.08 863.00 8777.82 908.42 898.20 7508.22 19577.61
SSE 1.32E+06 9.81E+05 8.05E+05 7.59E+05 8.17E+05
n = 34
Mean Ro = 856.82 200.0520 172.4042 156.2003 151.6722 157.3628
0.2335 0.2012 0.1823 0.1770 0.1837  
 
Summary of Calibration with Dataset #3 
Dataset #3 Rot daily harvest (106 rot/d)
Time (d) Observed Modeled SE Observed Modeled SE
0 854.00 854.00 0.00 0.00 0.00 0.00
1 966.67 921.32 2056.32 2.29 1.04 1.56
2 948.67 975.86 739.48 4.90 3.56 1.81
3 868.00 1004.12 18528.65 6.51 6.25 0.07
4 885.00 1015.71 17085.10 5.06 6.67 2.60
5 728.00 1032.33 92616.75 5.44 6.73 1.66
6 796.00 1032.94 56140.56 5.66 7.51 3.43
7 967.33 1064.37 9416.11 2.74 5.21 6.11
8 976.00 1108.12 17455.69 6.98 5.39 2.52
9 897.33 1082.28 34205.27 6.81 8.08 1.60
10 762.67 1025.15 68897.50 6.35 8.37 4.09
11 717.33 967.85 62758.60 5.65 8.05 5.74
12 819.33 946.23 16102.76 4.76 6.53 3.14
13 836.67 949.27 12679.51 5.34 5.76 0.17
14 732.67 929.98 38932.55 5.89 6.77 0.77
15 748.00 884.00 18496.00 6.34 7.47 1.28
16 741.33 847.14 11195.05 5.73 6.99 1.60
17 848.00 833.15 220.52 5.80 6.10 0.09
18 732.00 816.03 7061.04 6.60 6.52 0.01
19 795.33 793.28 4.22 5.37 6.33 0.92
20 727.33 787.46 3615.22 5.93 5.87 0.00
21 850.00 778.69 5085.12 5.72 5.82 0.01
22 938.00 780.64 24762.17 6.77 5.42 1.81
23 897.67 775.67 14883.19 7.00 5.83 1.38
24 909.33 768.94 19710.29 6.53 5.77 0.57
25 938.00 765.54 29742.45 7.20 5.68 2.31
26 928.67 759.19 28722.34 7.00 5.79 1.45
27 926.00 754.88 29282.05 6.91 5.66 1.56
28 899.33 752.53 21551.22 6.58 5.55 1.06
29 915.33 752.82 26410.58 6.51 5.42 1.18
30 926.00 756.38 28770.94 6.32 5.24 1.17
31 905.33 762.87 20295.80 6.04 5.11 0.86
32 889.33 769.69 14314.53 6.05 5.15 0.82
33 863.33 776.35 7566.10 5.64 5.15 0.24





























1. Effects of harvest rate (H) on rotifer count and rotifer daily harvest
1-A Rotifer count (rot /mL) 1-B Daily rotifer harvest (106 rot /d)
0.10 0.35 0.60 0.85 1.10 0.10 0.35 0.60 0.85 1.10
0.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 868.30 870.30 872.30 874.31 876.31 0.24 0.24 0.24 0.24 0.24
0.50 878.64 886.95 895.30 903.68 912.10 0.76 0.76 0.76 0.76 0.76
0.75 884.24 903.32 922.66 942.22 961.96 1.28 1.28 1.32 1.36 1.36
1.00 884.82 919.16 954.36 990.28 1,026.64 1.80 1.88 1.92 1.96 2.04
1.25 875.23 929.30 985.51 1,043.21 1,100.89 2.36 2.48 2.60 2.72 2.84
1.50 864.34 943.17 1,026.37 1,111.12 1,189.27 2.96 3.16 3.40 3.64 3.88
1.75 847.70 955.70 1,071.11 1,182.86 1,262.48 3.52 3.88 4.28 4.68 5.00
2.00 825.62 966.63 1,117.80 1,243.72 1,313.73 4.00 4.60 5.24 5.80 6.20
2.25 794.73 970.56 1,156.00 1,279.11 1,343.89 4.40 5.28 6.16 6.88 7.20
2.50 764.61 977.68 1,192.20 1,307.61 1,368.51 4.68 5.84 7.08 7.76 8.16
2.75 731.37 982.56 1,216.60 1,324.31 1,381.28 4.96 6.48 7.96 8.72 9.08
3.00 695.53 984.84 1,229.47 1,330.03 1,383.81 5.16 7.08 8.80 9.52 9.96
3.25 657.11 979.98 1,230.11 1,325.49 1,376.94 4.92 7.16 8.92 9.68 10.04
3.50 626.94 981.23 1,241.65 1,334.65 1,384.00 4.40 6.72 8.48 9.12 9.44
3.75 600.84 983.99 1,257.91 1,349.99 1,397.52 3.96 6.28 8.00 8.56 8.92
4.00 578.42 988.45 1,278.52 1,371.06 1,417.42 3.52 5.88 7.56 8.12 8.36
4.25 554.20 988.67 1,294.93 1,386.46 1,430.83 3.32 5.84 7.56 8.12 8.40
4.50 531.51 993.05 1,312.81 1,400.82 1,442.99 3.48 6.28 8.32 8.88 9.16
4.75 507.54 995.90 1,323.09 1,406.79 1,447.28 3.52 6.76 8.96 9.52 9.80
5.00 482.55 996.90 1,325.96 1,405.01 1,445.35 3.60 7.24 9.56 10.20 10.48
5.25 455.44 991.09 1,318.17 1,393.23 1,434.14 3.48 7.36 9.84 10.36 10.68
5.50 432.56 990.65 1,319.64 1,391.96 1,433.05 3.28 7.28 9.68 10.24 10.52
5.75 411.22 990.67 1,323.37 1,393.46 1,434.36 3.04 7.16 9.56 10.08 10.40
6.00 391.32 991.30 1,329.18 1,397.48 1,437.86 2.88 7.12 9.48 10.00 10.28
6.25 372.36 988.17 1,333.07 1,401.69 1,441.39 2.52 6.52 8.80 9.24 9.48
6.50 360.01 993.94 1,354.86 1,427.56 1,467.78 2.04 5.52 7.44 7.84 8.08
6.75 351.78 1,003.26 1,385.46 1,465.87 1,508.51 1.60 4.44 6.12 6.44 6.64
7.00 347.40 1,015.83 1,421.79 1,513.84 1,561.62 1.20 3.44 4.80 5.08 5.24
7.25 341.65 1,024.91 1,457.98 1,563.48 1,614.02 1.16 3.40 4.76 5.08 5.24
7.50 334.19 1,037.15 1,499.86 1,602.86 1,648.88 1.48 4.52 6.52 7.00 7.20
7.75 323.42 1,046.23 1,519.99 1,612.82 1,656.09 1.80 5.72 8.28 8.84 9.08
8.00 309.64 1,050.81 1,512.03 1,597.41 1,644.53 2.08 6.88 9.96 10.56 10.84
8.25 292.96 1,044.63 1,480.88 1,560.03 1,611.08 2.16 7.56 10.76 11.32 11.72
8.50 278.33 1,040.98 1,455.85 1,529.82 1,584.77 2.12 7.60 10.76 11.32 11.68
8.75 264.13 1,034.96 1,429.42 1,498.53 1,556.95 2.00 7.72 10.72 11.24 11.68
9.00 250.36 1,027.05 1,401.78 1,466.36 1,527.76 1.96 7.76 10.68 11.20 11.60
9.25 235.71 1,012.16 1,366.30 1,426.45 1,489.82 1.84 7.84 10.60 11.08 11.60
9.50 222.69 1,001.36 1,337.58 1,393.85 1,459.23 1.80 7.92 10.64 11.08 11.60
9.75 210.00 989.38 1,308.27 1,360.94 1,428.06 1.76 8.00 10.64 11.12 11.60
10.00 197.68 976.32 1,278.56 1,327.89 1,394.41 1.68 8.08 10.64 11.04 11.64
10.25 185.00 957.79 1,243.99 1,290.37 1,358.17 1.56 8.00 10.44 10.80 11.36
10.50 174.24 945.39 1,219.99 1,264.13 1,327.93 1.48 7.76 10.04 10.44 10.96
10.75 164.29 934.06 1,199.26 1,241.58 1,304.22 1.36 7.56 9.76 10.12 10.60
11.00 155.08 923.79 1,181.43 1,222.28 1,282.71 1.28 7.40 9.44 9.76 10.28
11.25 146.03 910.31 1,162.25 1,202.35 1,259.26 1.16 6.96 8.96 9.24 9.72
11.50 138.96 904.68 1,156.71 1,197.14 1,250.70 1.00 6.48 8.24 8.56 8.92
11.75 132.91 901.91 1,157.70 1,199.23 1,250.06 0.92 5.96 7.64 7.92 8.24
Effects of H (0.10-1.10 /day) @
H (/day) =




12.00 127.79 901.75 1,164.48 1,207.92 1,256.83 0.80 5.52 7.08 7.32 7.64
12.25 122.48 898.52 1,168.80 1,213.72 1,260.45 0.72 5.24 6.84 7.08 7.36
12.50 117.84 899.97 1,177.50 1,222.91 1,267.50 0.72 5.44 7.04 7.32 7.64
12.75 113.22 900.96 1,183.46 1,228.94 1,271.39 0.72 5.52 7.28 7.56 7.80
13.00 108.63 901.29 1,186.73 1,232.01 1,272.35 0.68 5.72 7.48 7.76 8.04
13.25 103.39 895.82 1,180.59 1,224.94 1,262.85 0.72 5.88 7.76 8.08 8.32
13.50 98.52 893.31 1,175.38 1,218.40 1,254.09 0.72 6.24 8.24 8.56 8.80
13.75 93.50 888.73 1,164.89 1,206.32 1,240.07 0.68 6.60 8.68 8.96 9.24
14.00 88.37 881.88 1,149.65 1,189.32 1,221.73 0.72 6.96 9.04 9.40 9.64
14.25 82.85 868.56 1,126.06 1,164.08 1,195.46 0.68 7.04 9.20 9.48 9.76
14.50 78.01 859.24 1,108.86 1,145.60 1,176.06 0.68 7.12 9.16 9.48 9.72
14.75 73.37 849.55 1,091.98 1,127.55 1,157.03 0.64 7.08 9.16 9.44 9.72
15.00 68.93 839.61 1,075.40 1,109.91 1,138.38 0.60 7.12 9.12 9.44 9.64
15.25 64.43 825.53 1,055.12 1,088.90 1,116.07 0.56 6.96 8.92 9.20 9.44
15.50 60.66 817.16 1,044.23 1,077.83 1,103.80 0.52 6.76 8.64 8.88 9.12
15.75 57.22 810.09 1,036.57 1,070.28 1,095.09 0.44 6.52 8.32 8.64 8.80
16.00 54.07 804.26 1,031.78 1,065.86 1,089.66 0.44 6.32 8.08 8.36 8.56
16.25 50.93 795.40 1,024.51 1,059.18 1,082.15 0.40 6.08 7.84 8.08 8.28
16.50 48.34 792.01 1,025.45 1,061.10 1,083.55 0.40 5.88 7.56 7.84 8.00
16.75 45.98 789.74 1,028.76 1,065.61 1,087.72 0.32 5.68 7.40 7.60 7.80
17.00 43.83 788.49 1,034.23 1,072.49 1,094.43 0.32 5.48 7.16 7.44 7.56
17.25 41.51 783.36 1,034.42 1,072.99 1,094.20 0.28 5.56 7.32 7.60 7.76
17.50 39.31 780.94 1,034.15 1,071.81 1,092.06 0.32 5.96 7.88 8.16 8.32
17.75 37.02 776.57 1,027.31 1,063.65 1,082.94 0.32 6.36 8.44 8.76 8.92
18.00 34.68 769.96 1,014.53 1,049.31 1,067.92 0.32 6.76 8.92 9.20 9.36
18.25 32.30 758.14 995.94 1,030.09 1,048.35 0.28 6.68 8.76 9.08 9.24
18.50 30.42 752.25 989.94 1,024.69 1,042.70 0.28 6.16 8.16 8.44 8.56
18.75 28.80 748.62 990.41 1,026.54 1,044.66 0.20 5.76 7.52 7.80 7.96
19.00 27.43 747.19 996.56 1,034.87 1,053.45 0.20 5.28 7.00 7.28 7.40
19.25 26.02 743.16 1,000.74 1,040.53 1,059.07 0.20 5.12 6.92 7.16 7.32
19.50 24.73 742.56 1,006.96 1,046.75 1,064.92 0.16 5.40 7.28 7.60 7.68
19.75 23.42 741.04 1,008.74 1,047.98 1,065.67 0.20 5.64 7.68 7.96 8.12
20.00 22.11 738.41 1,006.31 1,044.68 1,061.78 0.20 5.92 8.04 8.32 8.48
20.25 20.75 731.24 997.40 1,035.52 1,052.34 0.16 5.84 7.96 8.32 8.44
20.50 19.64 728.90 997.68 1,036.52 1,053.41 0.16 5.56 7.64 7.88 8.04
20.75 18.67 727.70 1,001.66 1,041.71 1,058.86 0.12 5.32 7.28 7.60 7.68
21.00 17.80 727.67 1,008.98 1,050.71 1,068.30 0.12 5.04 6.96 7.24 7.36
21.25 16.91 724.60 1,013.18 1,056.18 1,073.94 0.12 4.92 6.84 7.12 7.28
21.50 16.12 725.33 1,021.49 1,065.04 1,082.82 0.12 5.00 7.04 7.32 7.44
21.75 15.36 725.84 1,027.89 1,071.64 1,089.34 0.12 5.12 7.20 7.52 7.64
22.00 14.62 726.02 1,032.44 1,076.13 1,093.69 0.12 5.20 7.36 7.68 7.80
22.25 13.82 721.98 1,029.97 1,073.29 1,090.59 0.08 5.24 7.48 7.80 7.92
22.50 13.11 721.35 1,031.23 1,074.09 1,091.14 0.12 5.36 7.68 8.00 8.12
22.75 12.42 720.27 1,030.68 1,072.94 1,089.68 0.08 5.48 7.80 8.12 8.24
23.00 11.75 718.71 1,028.47 1,070.00 1,086.41 0.08 5.56 7.96 8.28 8.40
23.25 11.06 713.09 1,020.63 1,061.68 1,077.89 0.12 5.52 7.88 8.20 8.36
23.50 10.48 711.67 1,020.15 1,061.28 1,077.46 0.08 5.40 7.76 8.04 8.16
23.75 9.94 710.73 1,021.44 1,062.87 1,079.11 0.08 5.28 7.56 7.88 8.00
24.00 9.45 710.30 1,024.34 1,066.27 1,082.65 0.04 5.16 7.40 7.76 7.84
24.25 8.94 706.43 1,022.78 1,064.86 1,081.19 0.08 5.08 7.40 7.68 7.84
24.50 8.48 706.14 1,025.36 1,067.30 1,083.53 0.08 5.20 7.56 7.84 7.96
24.75 8.05 705.56 1,026.32 1,067.94 1,084.02 0.04 5.28 7.68 8.00 8.12
25.00 7.62 704.64 1,025.78 1,066.94 1,082.82 0.08 5.36 7.80 8.12 8.24  
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25.25 7.18 699.74 1,019.25 1,060.00 1,075.72 0.04 5.40 7.80 8.12 8.24
25.50 6.80 698.64 1,018.69 1,059.33 1,074.99 0.04 5.32 7.76 8.08 8.20
25.75 6.44 697.65 1,018.57 1,059.16 1,074.78 0.08 5.28 7.72 8.04 8.16
26.00 6.10 696.78 1,018.86 1,059.46 1,075.06 0.04 5.28 7.72 8.00 8.12
26.25 5.75 692.34 1,014.36 1,054.90 1,070.46 0.04 5.20 7.64 7.92 8.04
26.50 5.46 691.71 1,015.55 1,056.18 1,071.75 0.04 5.20 7.60 7.92 8.04
26.75 5.17 691.16 1,016.84 1,057.55 1,073.14 0.04 5.20 7.60 7.92 8.04
27.00 4.91 690.70 1,018.21 1,059.02 1,074.62 0.04 5.16 7.60 7.92 8.00
27.25 4.63 686.67 1,014.62 1,055.47 1,071.08 0.04 5.12 7.56 7.84 8.00
27.50 4.39 686.43 1,016.82 1,057.89 1,073.56 0.04 5.08 7.52 7.84 7.92
27.75 4.17 686.33 1,019.25 1,060.54 1,076.28 0.04 5.04 7.52 7.80 7.92
28.00 3.96 686.35 1,021.88 1,063.41 1,079.22 0.00 5.04 7.48 7.80 7.92
28.25 3.75 682.85 1,019.61 1,061.33 1,077.20 0.04 5.00 7.44 7.72 7.84
28.50 3.56 683.18 1,023.22 1,065.31 1,081.29 0.04 4.96 7.40 7.72 7.80
28.75 3.39 683.66 1,027.12 1,069.59 1,085.70 0.00 4.88 7.36 7.64 7.80
29.00 3.22 684.29 1,031.29 1,074.15 1,090.38 0.04 4.88 7.32 7.68 7.76
29.25 3.05 681.46 1,030.56 1,073.76 1,090.11 0.00 4.84 7.28 7.56 7.72
29.50 2.91 682.47 1,035.85 1,079.59 1,096.11 0.04 4.76 7.24 7.56 7.64
29.75 2.77 683.67 1,041.53 1,085.81 1,102.52 0.00 4.76 7.20 7.48 7.60
30.00 2.65 685.06 1,047.56 1,092.40 1,109.31 0.04 4.68 7.16 7.48 7.60
30.25 2.51 682.99 1,048.53 1,093.81 1,110.86 0.00 4.64 7.12 7.44 7.56
30.50 2.40 684.68 1,055.20 1,101.01 1,118.22 0.04 4.64 7.12 7.40 7.52
30.75 2.29 686.48 1,061.81 1,108.10 1,125.47 0.00 4.60 7.12 7.44 7.56
31.00 2.19 688.38 1,068.38 1,115.10 1,132.62 0.00 4.60 7.12 7.44 7.56
31.25 2.08 686.68 1,069.28 1,116.19 1,133.76 0.04 4.60 7.16 7.44 7.56
31.50 1.99 688.57 1,075.21 1,122.27 1,139.89 0.00 4.60 7.20 7.52 7.64
31.75 1.90 690.38 1,080.31 1,127.39 1,145.01 0.04 4.68 7.28 7.60 7.72
32.00 1.82 692.10 1,084.62 1,131.62 1,149.22 0.00 4.68 7.36 7.68 7.76
32.25 1.73 690.09 1,083.02 1,129.93 1,147.52 0.00 4.68 7.32 7.64 7.76
32.50 1.65 691.89 1,087.71 1,134.85 1,152.52 0.00 4.64 7.28 7.60 7.72
32.75 1.58 693.84 1,092.86 1,140.27 1,158.05 0.04 4.60 7.24 7.56 7.68
33.00 1.51 695.96 1,098.42 1,146.16 1,164.06 0.00 4.56 7.20 7.48 7.64
Mean 189.75 828.40 1,120.58 1,172.41 1,203.52 1.02 5.57 7.62 7.96 8.17
SD 264.94 126.58 145.83 162.83 176.52 1.34 1.44 1.90 1.98 2.06  
2. Algae feeding rate (AlgConc) on rotifer count and daily rotifer harvest
1-A Rotifer count (rot /mL) 1-B Daily rotifer harvest (106 rot /d)
2787.00 5574.00 8361.00 11148.00 13935.00 2787.00 5574.00 8361.00 11148.00 13935.00
0.00 854.00 854.00 854.00 854.00 854.00 0.00 0.00 0.00 0.00 0.00
0.25 869.24 870.42 871.07 871.48 871.77 0.24 0.24 0.24 0.24 0.24
0.50 883.84 887.47 889.05 889.95 890.55 0.76 0.76 0.76 0.76 0.76
0.75 897.30 904.51 907.24 908.70 909.63 1.28 1.28 1.32 1.32 1.32
1.00 909.12 921.32 925.46 927.58 928.89 1.84 1.88 1.84 1.88 1.88
1.25 913.72 932.72 938.62 941.53 943.28 2.48 2.48 2.52 2.48 2.48
1.50 919.71 948.22 956.38 960.27 962.56 3.08 3.20 3.20 3.24 3.24
1.75 921.27 962.69 973.76 978.85 981.80 3.76 3.92 3.96 3.96 3.96
2.00 917.40 975.86 990.63 997.20 1,000.93 4.44 4.64 4.68 4.72 4.76
2.25 903.00 982.18 1,001.54 1,009.86 1,014.50 4.92 5.28 5.40 5.44 5.48
2.50 888.24 991.87 1,017.04 1,027.50 1,033.24 5.40 5.96 6.08 6.12 6.16
2.75 868.66 999.34 1,031.75 1,044.79 1,051.81 5.80 6.56 6.76 6.84 6.88
3.00 844.83 1,004.12 1,045.49 1,061.63 1,070.16 6.16 7.20 7.48 7.60 7.60
Time (d) Effects of AlgConc (50%-250%) @ Effects of AlgConc (50%-250%) @
AlgConc (mg TSS/L)  = AlgConc (mg TSS/L)  =
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3.25 816.01 1,001.33 1,052.60 1,072.12 1,082.26 6.08 7.32 7.64 7.76 7.84
3.50 796.40 1,004.57 1,065.78 1,088.80 1,100.62 5.52 6.88 7.24 7.40 7.48
3.75 781.36 1,009.28 1,079.72 1,106.18 1,119.65 5.04 6.44 6.88 7.00 7.12
4.00 770.33 1,015.71 1,094.58 1,124.31 1,139.39 4.64 6.04 6.48 6.64 6.72
4.25 757.25 1,017.87 1,104.46 1,137.31 1,153.94 4.52 6.00 6.48 6.68 6.76
4.50 746.83 1,024.43 1,119.71 1,156.09 1,174.50 4.76 6.48 7.04 7.28 7.40
4.75 734.35 1,029.40 1,134.29 1,174.61 1,194.97 5.04 6.96 7.68 7.92 8.04
5.00 719.71 1,032.33 1,147.99 1,192.76 1,215.30 5.28 7.48 8.24 8.56 8.72
5.25 700.43 1,027.99 1,154.61 1,203.99 1,228.79 5.28 7.64 8.56 8.88 9.04
5.50 686.38 1,029.09 1,167.36 1,221.79 1,249.06 5.08 7.56 8.52 8.92 9.12
5.75 673.97 1,030.68 1,180.36 1,239.94 1,269.75 4.96 7.44 8.48 8.92 9.12
6.00 663.10 1,032.94 1,193.71 1,258.49 1,290.90 4.76 7.40 8.52 8.92 9.16
6.25 651.43 1,031.24 1,201.30 1,270.64 1,305.35 4.36 6.80 7.88 8.36 8.56
6.50 647.91 1,038.79 1,217.55 1,291.21 1,328.16 3.60 5.76 6.72 7.08 7.28
6.75 648.53 1,049.97 1,236.21 1,313.62 1,352.55 2.88 4.68 5.48 5.84 6.00
7.00 652.68 1,064.37 1,257.18 1,337.86 1,378.54 2.24 3.60 4.24 4.52 4.64
7.25 655.01 1,075.26 1,273.63 1,357.14 1,399.37 2.16 3.52 4.20 4.44 4.64
7.50 658.53 1,089.95 1,295.55 1,382.73 1,426.97 2.88 4.80 5.68 6.04 6.20
7.75 658.43 1,101.53 1,315.61 1,407.18 1,453.79 3.64 6.00 7.16 7.68 7.92
8.00 653.12 1,108.12 1,332.77 1,429.91 1,479.50 4.28 7.24 8.68 9.28 9.60
8.25 639.22 1,102.40 1,338.88 1,442.55 1,495.51 4.68 7.96 9.60 10.32 10.68
8.50 626.77 1,098.43 1,349.54 1,461.68 1,518.93 4.60 8.04 9.80 10.60 11.04
8.75 613.42 1,091.46 1,357.82 1,479.73 1,541.92 4.64 8.12 10.08 10.92 11.32
9.00 599.60 1,082.28 1,363.77 1,496.64 1,564.45 4.56 8.20 10.24 11.20 11.72
9.25 582.37 1,065.68 1,360.19 1,504.31 1,578.07 4.52 8.24 10.44 11.52 12.04
9.50 568.13 1,053.38 1,361.62 1,518.55 1,599.34 4.52 8.32 10.68 11.88 12.48
9.75 553.77 1,039.83 1,360.89 1,531.33 1,619.90 4.52 8.44 10.96 12.24 12.92
10.00 539.33 1,025.15 1,358.02 1,542.50 1,639.66 4.52 8.48 11.20 12.64 13.40
10.25 522.50 1,004.83 1,346.47 1,543.98 1,649.79 4.36 8.40 11.16 12.72 13.56
10.50 509.71 991.18 1,342.33 1,553.28 1,668.50 4.24 8.16 10.96 12.64 13.52
10.75 498.04 978.89 1,338.76 1,562.51 1,687.25 4.04 7.92 10.80 12.56 13.52
11.00 487.41 967.85 1,335.85 1,571.81 1,706.11 3.92 7.72 10.60 12.44 13.48
11.25 475.61 953.67 1,327.30 1,573.35 1,716.15 3.68 7.32 10.16 11.96 13.04
11.50 468.49 948.04 1,329.15 1,585.53 1,736.86 3.36 6.80 9.48 11.28 12.28
11.75 463.30 945.67 1,334.37 1,600.28 1,759.46 3.08 6.24 8.76 10.52 11.56
12.00 459.84 946.23 1,342.72 1,617.58 1,784.01 2.80 5.76 8.16 9.76 10.76
12.25 455.04 943.74 1,346.18 1,628.32 1,800.86 2.68 5.52 7.88 9.52 10.48
12.50 452.67 946.21 1,356.72 1,647.69 1,827.33 2.76 5.72 8.12 9.84 10.92
12.75 450.08 948.14 1,366.62 1,666.62 1,853.65 2.76 5.84 8.40 10.20 11.36
13.00 447.17 949.27 1,375.52 1,684.77 1,879.59 2.84 5.96 8.64 10.60 11.76
13.25 441.38 944.17 1,375.60 1,692.70 1,894.80 2.92 6.24 9.04 11.08 12.36
13.50 437.04 942.00 1,380.19 1,707.08 1,918.29 3.08 6.56 9.64 11.88 13.36
13.75 431.69 937.34 1,381.30 1,718.18 1,939.48 3.20 6.96 10.20 12.68 14.24
14.00 425.31 929.98 1,378.35 1,725.15 1,957.66 3.36 7.32 10.80 13.44 15.24
14.25 415.96 915.55 1,364.49 1,718.75 1,962.00 3.40 7.44 11.08 13.92 15.84
14.50 408.72 905.34 1,356.33 1,719.07 1,974.46 3.40 7.48 11.16 14.08 16.12
14.75 401.47 894.77 1,347.16 1,717.55 1,984.95 3.36 7.48 11.24 14.28 16.44
15.00 394.26 884.00 1,337.25 1,714.53 1,993.59 3.36 7.48 11.32 14.44 16.76
15.25 385.26 868.97 1,320.46 1,701.93 1,990.48 3.24 7.36 11.12 14.32 16.68
15.50 379.09 860.17 1,312.72 1,700.12 1,998.88 3.16 7.08 10.80 13.96 16.36
15.75 373.64 852.92 1,307.09 1,700.33 2,008.72 3.00 6.88 10.48 13.60 16.04
16.00 368.87 847.14 1,303.43 1,702.56 2,020.14 2.92 6.64 10.24 13.32 15.76
16.25 362.81 838.29 1,294.82 1,697.78 2,022.50 2.76 6.44 9.88 12.96 15.36
16.50 359.36 835.35 1,295.09 1,704.18 2,037.47 2.68 6.16 9.56 12.56 15.04
16.75 356.50 833.67 1,297.15 1,712.54 2,054.27 2.56 6.00 9.32 12.28 14.68
17.00 354.18 833.15 1,300.83 1,722.72 2,072.80 2.48 5.80 9.04 11.92 14.32  
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17.25 350.13 828.61 1,298.22 1,724.51 2,081.17 2.52 5.88 9.16 12.20 14.68
17.50 347.30 826.87 1,299.95 1,732.28 2,097.37 2.64 6.32 9.92 13.16 15.96
17.75 343.63 822.81 1,297.78 1,734.99 2,108.31 2.84 6.76 10.64 14.20 17.20
18.00 339.04 816.03 1,290.76 1,731.05 2,111.90 2.96 7.12 11.28 15.12 18.40
18.25 332.30 803.49 1,274.06 1,713.53 2,098.56 2.96 7.08 11.20 15.04 18.40
18.50 328.26 797.44 1,267.69 1,709.49 2,100.45 2.68 6.56 10.40 14.00 17.16
18.75 325.26 794.07 1,265.77 1,711.21 2,108.45 2.52 6.08 9.68 13.04 16.04
19.00 323.26 793.28 1,268.01 1,718.30 2,122.33 2.28 5.60 8.92 12.12 14.96
19.25 320.16 789.92 1,266.23 1,719.85 2,129.02 2.20 5.44 8.76 11.84 14.64
19.50 318.53 790.26 1,270.38 1,729.48 2,145.84 2.32 5.76 9.20 12.56 15.52
19.75 316.52 789.54 1,272.69 1,736.57 2,159.73 2.44 6.00 9.68 13.20 16.40
20.00 314.06 787.46 1,272.53 1,740.12 2,169.38 2.52 6.28 10.16 13.84 17.24
20.25 309.75 780.40 1,263.94 1,731.81 2,164.04 2.48 6.28 10.12 13.84 17.28
20.50 307.54 778.50 1,263.64 1,734.67 2,172.20 2.36 5.92 9.64 13.24 16.56
20.75 305.86 777.91 1,265.55 1,740.51 2,183.78 2.24 5.68 9.20 12.64 15.84
21.00 304.69 778.69 1,269.74 1,749.44 2,198.96 2.08 5.40 8.76 12.08 15.20
21.25 302.27 776.32 1,268.88 1,751.41 2,205.24 2.08 5.28 8.60 11.84 14.92
21.50 301.45 778.07 1,274.74 1,762.63 2,223.14 2.08 5.36 8.80 12.16 15.28
21.75 300.53 779.55 1,280.08 1,773.05 2,240.02 2.12 5.48 9.00 12.44 15.68
22.00 299.51 780.64 1,284.65 1,782.30 2,255.36 2.16 5.56 9.16 12.68 16.08
22.25 296.76 777.12 1,281.50 1,780.68 2,256.86 2.16 5.68 9.32 12.96 16.36
22.50 295.44 777.22 1,284.14 1,786.91 2,268.16 2.20 5.76 9.52 13.24 16.84
22.75 293.97 776.75 1,285.63 1,791.31 2,276.97 2.24 5.88 9.72 13.56 17.20
23.00 292.33 775.67 1,285.89 1,793.77 2,283.07 2.24 6.00 9.96 13.84 17.60
23.25 289.07 770.15 1,278.60 1,785.50 2,275.28 2.24 5.96 9.88 13.80 17.60
23.50 287.56 769.17 1,278.85 1,787.74 2,280.79 2.20 5.84 9.68 13.52 17.24
23.75 286.25 768.76 1,280.11 1,791.44 2,288.13 2.12 5.72 9.48 13.28 16.96
24.00 285.16 768.94 1,282.44 1,796.71 2,297.42 2.08 5.56 9.32 13.04 16.64
24.25 282.70 765.45 1,278.71 1,793.52 2,295.90 2.04 5.56 9.24 12.96 16.56
24.50 281.68 765.86 1,281.43 1,799.29 2,305.70 2.08 5.60 9.44 13.20 16.96
24.75 280.56 765.92 1,283.42 1,803.84 2,313.75 2.12 5.76 9.60 13.48 17.28
25.00 279.33 765.54 1,284.49 1,806.86 2,319.61 2.12 5.80 9.76 13.76 17.60
25.25 276.55 760.78 1,278.03 1,799.12 2,311.45 2.12 5.84 9.76 13.76 17.72
25.50 275.30 760.12 1,278.43 1,800.96 2,315.50 2.12 5.80 9.76 13.72 17.60
25.75 274.10 759.59 1,278.99 1,803.03 2,319.79 2.08 5.76 9.72 13.68 17.60
26.00 272.97 759.19 1,279.78 1,805.40 2,324.42 2.04 5.76 9.64 13.64 17.52
26.25 270.45 754.91 1,274.05 1,798.57 2,317.20 2.04 5.68 9.60 13.52 17.44
26.50 269.43 754.80 1,275.35 1,801.66 2,322.70 2.04 5.64 9.56 13.52 17.40
26.75 268.46 754.80 1,276.80 1,804.92 2,328.36 2.00 5.68 9.56 13.48 17.44
27.00 267.53 754.88 1,278.36 1,808.31 2,334.11 2.04 5.64 9.56 13.52 17.40
27.25 265.23 751.05 1,273.31 1,802.33 2,327.74 1.96 5.60 9.48 13.40 17.32
27.50 264.41 751.40 1,275.33 1,806.35 2,334.26 1.96 5.56 9.44 13.36 17.28
27.75 263.65 751.90 1,277.59 1,810.70 2,341.17 1.96 5.52 9.40 13.36 17.24
28.00 262.95 752.53 1,280.07 1,815.34 2,348.41 1.92 5.52 9.40 13.28 17.20
28.25 260.91 749.32 1,276.02 1,810.74 2,343.68 1.92 5.48 9.28 13.20 17.08
28.50 260.33 750.30 1,279.13 1,816.30 2,352.11 1.88 5.44 9.24 13.12 16.96
28.75 259.83 751.48 1,282.56 1,822.32 2,361.12 1.88 5.40 9.20 13.08 16.96
29.00 259.39 752.82 1,286.30 1,828.75 2,370.63 1.84 5.36 9.16 13.04 16.88
29.25 257.65 750.36 1,283.53 1,825.98 2,368.22 1.84 5.28 9.08 12.88 16.72
29.50 257.36 752.14 1,288.04 1,833.57 2,379.25 1.80 5.28 9.00 12.84 16.64
29.75 257.15 754.15 1,292.96 1,841.75 2,391.07 1.76 5.20 8.96 12.72 16.52
30.00 257.02 756.38 1,298.27 1,850.49 2,403.59 1.76 5.20 8.88 12.68 16.44
30.25 255.59 754.79 1,297.03 1,849.93 2,404.05 1.76 5.12 8.84 12.56 16.32
30.50 255.57 757.37 1,302.96 1,859.58 2,417.75 1.72 5.12 8.80 12.56 16.32
30.75 255.60 760.07 1,309.09 1,869.49 2,431.75 1.72 5.12 8.76 12.52 16.32
31.00 255.67 762.87 1,315.37 1,879.59 2,445.95 1.72 5.08 8.80 12.56 16.32  
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31.25 254.41 761.68 1,314.75 1,879.78 2,447.22 1.68 5.08 8.76 12.52 16.32
31.50 254.49 764.47 1,320.94 1,889.65 2,461.00 1.72 5.12 8.84 12.68 16.48
31.75 254.55 767.15 1,326.86 1,899.01 2,473.96 1.72 5.20 8.96 12.80 16.68
32.00 254.58 769.69 1,332.42 1,907.73 2,485.96 1.72 5.20 9.04 12.92 16.84
32.25 253.25 768.05 1,330.69 1,905.93 2,484.14 1.72 5.20 9.00 12.88 16.80
32.50 253.32 770.64 1,336.27 1,914.58 2,495.98 1.72 5.16 8.92 12.80 16.68
32.75 253.46 773.40 1,342.16 1,923.71 2,508.46 1.68 5.12 8.88 12.76 16.60
33.00 253.66 776.35 1,348.38 1,933.35 2,521.62 1.68 5.12 8.88 12.68 16.56
Mean 455.38 877.00 1,253.85 1,586.86 1,882.13 2.91 5.92 8.63 11.04 13.18
SD 212.08 116.44 118.76 292.61 492.81 1.23 1.49 2.27 3.43 4.74  
3. Rotifer inoculation density (Ri) on rotifer count and daily rotifer harvest
1-A Rotifer count (rot /mL) 1-B Daily rotifer harvest (106 rot /d)
500.00 1000.00 1500.00 2000.00 2500.00 500.00 1000.00 1500.00 2000.00 2500.00
0.00 500.00 1,000.00 1,500.00 2,000.00 2,500.00 0.00 0.00 0.00 0.00 0.00
0.25 509.68 1,019.18 1,528.47 2,037.53 2,546.31 0.12 0.28 0.40 0.56 0.68
0.50 519.77 1,039.03 1,557.62 2,075.35 2,591.95 0.48 0.88 1.36 1.76 2.24
0.75 529.93 1,058.82 1,586.28 2,111.71 2,634.14 0.76 1.52 2.28 3.04 3.80
1.00 540.03 1,078.25 1,613.77 2,145.06 2,669.40 1.08 2.20 3.28 4.36 5.40
1.25 547.08 1,091.22 1,630.59 2,161.60 2,677.67 1.44 2.92 4.32 5.80 7.20
1.50 556.71 1,108.78 1,652.54 2,180.03 2,679.13 1.88 3.72 5.56 7.36 9.08
1.75 565.98 1,124.84 1,669.39 2,183.82 2,656.41 2.32 4.56 6.80 8.92 10.92
2.00 574.84 1,138.92 1,678.76 2,169.33 2,611.92 2.72 5.40 8.04 10.44 12.64
2.25 580.12 1,144.38 1,669.49 2,126.90 2,536.56 3.12 6.20 9.08 11.64 13.96
2.50 587.95 1,152.94 1,658.51 2,082.89 2,461.37 3.52 6.92 10.04 12.72 15.08
2.75 595.21 1,157.85 1,636.95 2,027.53 2,374.53 3.92 7.64 10.88 13.56 16.00
3.00 601.82 1,158.32 1,605.79 1,962.57 2,278.27 4.28 8.32 11.68 14.36 16.76
3.25 604.61 1,149.30 1,563.78 1,888.76 2,174.86 4.40 8.40 11.56 14.04 16.24
3.50 610.93 1,147.82 1,538.69 1,839.76 2,102.79 4.16 7.88 10.60 12.80 14.64
3.75 617.74 1,148.91 1,521.73 1,803.43 2,047.33 3.92 7.36 9.80 11.68 13.32
4.00 625.10 1,152.73 1,511.83 1,777.97 2,006.17 3.72 6.84 9.04 10.68 12.08
4.25 629.59 1,152.09 1,497.58 1,748.42 1,961.12 3.68 6.80 8.88 10.40 11.72
4.50 637.06 1,156.17 1,488.18 1,723.50 1,920.86 4.04 7.36 9.52 11.04 12.36
4.75 644.09 1,157.92 1,473.87 1,692.44 1,874.20 4.36 7.84 10.08 11.64 12.88
5.00 650.58 1,156.69 1,454.26 1,655.66 1,822.03 4.68 8.40 10.60 12.12 13.40
5.25 653.06 1,146.95 1,424.42 1,608.90 1,760.37 4.84 8.56 10.68 12.12 13.32
5.50 659.05 1,143.59 1,404.91 1,575.85 1,715.19 4.80 8.40 10.40 11.68 12.76
5.75 665.20 1,141.16 1,388.49 1,547.62 1,676.32 4.80 8.28 10.12 11.32 12.32
6.00 671.55 1,139.86 1,374.94 1,523.71 1,643.02 4.80 8.16 9.88 11.00 11.88
6.25 674.71 1,134.84 1,359.20 1,499.14 1,610.51 4.44 7.52 9.04 10.00 10.72
6.50 682.82 1,140.96 1,359.95 1,495.06 1,601.88 3.76 6.28 7.52 8.28 8.92
6.75 692.35 1,151.81 1,368.64 1,501.40 1,605.82 3.08 5.16 6.12 6.72 7.16
7.00 703.28 1,166.72 1,383.77 1,516.02 1,619.67 2.36 3.92 4.68 5.16 5.52
7.25 711.63 1,177.96 1,395.08 1,526.86 1,629.82 2.36 3.92 4.60 5.04 5.40
7.50 722.85 1,193.13 1,410.20 1,541.07 1,642.77 3.16 5.20 6.20 6.76 7.20
7.75 732.84 1,204.27 1,418.38 1,545.71 1,643.52 4.00 6.60 7.76 8.48 9.00
8.00 741.13 1,208.69 1,414.31 1,533.55 1,623.74 4.84 7.92 9.32 10.12 10.76
8.25 743.43 1,198.01 1,388.43 1,496.52 1,577.91 5.32 8.64 10.08 10.88 11.52
8.50 748.59 1,188.54 1,364.55 1,463.59 1,538.08 5.44 8.72 10.04 10.84 11.40
8.75 752.77 1,175.89 1,338.69 1,429.69 1,497.95 5.56 8.80 10.04 10.76 11.28
9.00 756.04 1,161.18 1,311.73 1,395.31 1,457.81 5.72 8.80 10.00 10.64 11.16
Time (d) Effects of rotifer culture density (500-2500) @ Effects of rotifer culture density (500-2500) @
Ri (Rot/mL)  = Ri (Rot/mL)  =
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9.25 754.37 1,138.88 1,277.24 1,353.54 1,410.41 5.76 8.80 9.92 10.52 11.00
9.50 755.79 1,121.53 1,249.17 1,319.07 1,371.01 5.96 8.92 9.96 10.52 10.92
9.75 756.33 1,103.12 1,220.62 1,284.54 1,331.89 6.08 8.92 9.92 10.48 10.88
10.00 755.98 1,083.78 1,191.73 1,250.08 1,293.18 6.20 9.00 9.96 10.44 10.80
10.25 750.96 1,058.88 1,157.63 1,210.70 1,249.78 6.20 8.84 9.68 10.16 10.52
10.50 749.97 1,041.49 1,132.73 1,181.46 1,217.25 6.16 8.60 9.36 9.76 10.08
10.75 749.13 1,025.88 1,110.50 1,155.43 1,188.32 6.00 8.32 9.04 9.44 9.68
11.00 748.51 1,011.90 1,090.66 1,132.23 1,162.56 5.96 8.08 8.72 9.08 9.36
11.25 744.46 995.00 1,068.41 1,106.94 1,134.98 5.68 7.68 8.24 8.52 8.76
11.50 745.79 987.44 1,057.03 1,093.37 1,119.73 5.32 7.04 7.60 7.84 8.00
11.75 748.61 983.60 1,050.28 1,084.93 1,110.00 4.96 6.52 6.96 7.20 7.40
12.00 752.87 983.08 1,047.57 1,080.94 1,105.03 4.56 6.00 6.36 6.60 6.72
12.25 754.19 979.54 1,041.94 1,074.11 1,097.27 4.40 5.72 6.12 6.32 6.44
12.50 759.44 981.17 1,041.82 1,072.96 1,095.32 4.56 5.92 6.28 6.44 6.60
12.75 764.39 982.19 1,040.99 1,071.03 1,092.56 4.68 6.04 6.44 6.64 6.76
13.00 768.92 982.33 1,039.15 1,068.04 1,088.68 4.84 6.20 6.56 6.72 6.88
13.25 768.69 975.97 1,030.33 1,057.84 1,077.43 5.04 6.44 6.76 7.00 7.12
13.50 771.32 972.53 1,024.42 1,050.54 1,069.09 5.40 6.80 7.20 7.36 7.52
13.75 772.50 966.40 1,015.49 1,040.07 1,057.47 5.72 7.20 7.56 7.76 7.88
14.00 772.04 957.39 1,003.42 1,026.35 1,042.55 6.04 7.52 7.92 8.08 8.20
14.25 765.99 941.12 983.82 1,004.99 1,019.92 6.20 7.68 8.00 8.20 8.32
14.50 763.28 929.28 969.09 988.75 1,002.58 6.28 7.64 8.04 8.20 8.32
14.75 760.02 917.19 954.30 972.56 985.38 6.32 7.68 7.96 8.12 8.24
15.00 756.30 904.98 939.57 956.53 968.41 6.40 7.68 8.00 8.16 8.24
15.25 748.49 888.54 920.69 936.39 947.38 6.28 7.52 7.80 7.92 8.04
15.50 745.39 878.62 908.82 923.54 933.81 6.12 7.24 7.48 7.64 7.72
15.75 743.10 870.41 898.95 912.81 922.48 5.96 7.00 7.24 7.36 7.44
16.00 741.63 863.79 890.89 904.02 913.16 5.84 6.80 7.04 7.08 7.16
16.25 737.04 854.15 879.87 892.31 900.95 5.60 6.52 6.72 6.84 6.92
16.50 737.27 850.60 875.28 887.17 895.44 5.48 6.32 6.48 6.60 6.64
16.75 738.31 848.40 872.18 883.62 891.56 5.28 6.12 6.28 6.36 6.40
17.00 740.11 847.44 870.45 881.50 889.15 5.16 5.88 6.08 6.12 6.20
17.25 738.26 842.41 864.58 875.20 882.55 5.20 5.96 6.12 6.20 6.28
17.50 739.10 840.17 861.50 871.70 878.75 5.64 6.44 6.60 6.68 6.72
17.75 738.25 835.52 855.85 865.54 872.23 6.04 6.84 7.00 7.12 7.16
18.00 735.36 828.04 847.19 856.30 862.57 6.44 7.28 7.44 7.48 7.56
18.25 727.31 814.73 832.60 841.07 846.90 6.40 7.16 7.32 7.44 7.48
18.50 724.56 808.12 825.06 833.07 838.58 5.92 6.64 6.80 6.84 6.88
18.75 723.68 804.33 820.58 828.25 833.53 5.52 6.16 6.28 6.36 6.40
19.00 724.70 803.24 818.97 826.40 831.50 5.12 5.68 5.80 5.84 5.88
19.25 723.12 799.58 814.83 822.02 826.95 5.00 5.52 5.64 5.68 5.72
19.50 724.94 799.66 814.49 821.47 826.25 5.24 5.80 5.92 5.96 6.00
19.75 725.92 798.65 813.00 819.75 824.37 5.56 6.08 6.20 6.24 6.28
20.00 725.82 796.25 810.06 816.54 820.97 5.76 6.36 6.44 6.52 6.56
20.25 721.15 788.80 801.97 808.14 812.36 5.76 6.32 6.44 6.48 6.52
20.50 721.06 786.60 799.29 805.23 809.29 5.52 6.04 6.12 6.16 6.20
20.75 721.97 785.77 798.07 803.81 807.74 5.24 5.72 5.80 5.88 5.88
21.00 723.94 786.36 798.33 803.93 807.74 5.00 5.44 5.52 5.56 5.60
21.25 722.85 783.79 795.44 800.87 804.58 4.92 5.32 5.40 5.44 5.44
21.50 725.57 785.38 796.77 802.08 805.70 5.00 5.40 5.52 5.52 5.56
21.75 728.06 786.70 797.83 803.01 806.54 5.12 5.56 5.60 5.64 5.68
22.00 730.21 787.61 798.47 803.52 806.95 5.20 5.60 5.72 5.76 5.76  
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22.25 728.08 783.88 794.39 799.28 802.60 5.32 5.72 5.76 5.84 5.84
22.50 729.37 783.80 794.01 798.75 801.97 5.40 5.84 5.92 5.92 5.96
22.75 730.16 783.13 793.02 797.61 800.73 5.52 5.92 6.00 6.04 6.08
23.00 730.42 781.85 791.41 795.84 798.85 5.64 6.04 6.12 6.16 6.20
23.25 726.47 776.09 785.28 789.53 792.42 5.64 6.00 6.08 6.12 6.12
23.50 726.72 774.92 783.81 787.92 790.71 5.48 5.88 5.96 5.96 6.00
23.75 727.41 774.34 782.96 786.95 789.65 5.40 5.76 5.80 5.84 5.84
24.00 728.59 774.38 782.76 786.63 789.26 5.28 5.60 5.68 5.72 5.76
24.25 726.23 770.72 778.85 782.59 785.14 5.28 5.60 5.64 5.68 5.68
24.50 727.56 771.00 778.90 782.55 785.02 5.32 5.68 5.72 5.76 5.76
24.75 728.56 770.92 778.60 782.14 784.54 5.44 5.76 5.84 5.84 5.88
25.00 729.16 770.39 777.85 781.28 783.61 5.56 5.88 5.92 5.96 5.96
25.25 725.58 765.45 772.64 775.95 778.19 5.56 5.84 5.92 5.96 5.96
25.50 725.89 764.66 771.63 774.83 777.00 5.52 5.84 5.88 5.88 5.96
25.75 726.28 763.99 770.75 773.85 775.95 5.52 5.80 5.88 5.88 5.88
26.00 726.76 763.47 770.02 773.03 775.07 5.48 5.76 5.80 5.84 5.84
26.25 723.50 759.05 765.38 768.29 770.25 5.44 5.72 5.76 5.80 5.80
26.50 724.18 758.82 764.98 767.80 769.71 5.44 5.72 5.76 5.76 5.80
26.75 724.94 758.71 764.69 767.44 769.29 5.44 5.68 5.72 5.76 5.76
27.00 725.76 758.68 764.50 767.17 768.97 5.40 5.64 5.72 5.72 5.76
27.25 722.80 754.74 760.37 762.95 764.69 5.40 5.64 5.68 5.68 5.68
27.50 723.82 754.99 760.48 762.99 764.68 5.36 5.60 5.60 5.68 5.68
27.75 724.96 755.40 760.74 763.19 764.83 5.32 5.56 5.64 5.60 5.64
28.00 726.21 755.94 761.15 763.53 765.14 5.32 5.56 5.56 5.60 5.60
28.25 723.73 752.63 757.69 760.00 761.55 5.28 5.48 5.52 5.56 5.56
28.50 725.26 753.54 758.48 760.73 762.25 5.24 5.44 5.52 5.52 5.52
28.75 726.96 754.64 759.46 761.66 763.15 5.24 5.44 5.44 5.44 5.48
29.00 728.81 755.92 760.63 762.79 764.24 5.20 5.36 5.44 5.44 5.44
29.25 726.95 753.38 757.97 760.06 761.47 5.12 5.36 5.36 5.40 5.40
29.50 729.17 755.10 759.59 761.64 763.02 5.12 5.28 5.28 5.32 5.32
29.75 731.60 757.05 761.45 763.46 764.81 5.04 5.24 5.28 5.28 5.32
30.00 734.22 759.22 763.54 765.51 766.84 5.04 5.20 5.24 5.24 5.24
30.25 733.12 757.57 761.79 763.71 765.00 5.00 5.12 5.16 5.20 5.20
30.50 736.05 760.10 764.24 766.13 767.40 4.96 5.16 5.20 5.16 5.20
30.75 739.09 762.75 766.82 768.67 769.92 4.96 5.12 5.12 5.20 5.16
31.00 742.22 765.51 769.51 771.33 772.56 4.96 5.12 5.16 5.12 5.16
31.25 741.46 764.26 768.18 769.96 771.15 4.96 5.08 5.12 5.16 5.16
31.50 744.57 767.01 770.85 772.60 773.78 4.96 5.16 5.16 5.16 5.20
31.75 747.57 769.64 773.42 775.14 776.29 5.04 5.20 5.24 5.24 5.20
32.00 750.44 772.13 775.84 777.53 778.66 5.08 5.20 5.24 5.28 5.28
32.25 749.24 770.44 774.06 775.70 776.81 5.08 5.24 5.24 5.24 5.28
32.50 752.14 772.98 776.54 778.15 779.24 5.04 5.16 5.20 5.20 5.20
32.75 755.21 775.71 779.20 780.79 781.85 5.00 5.16 5.16 5.20 5.20
33.00 758.45 778.62 782.05 783.61 784.66 4.96 5.08 5.16 5.12 5.12
Mean 709.95 923.64 1,039.96 1,128.06 1,205.38 4.88 6.19 6.81 7.25 7.62
SD 61.58 162.19 308.03 443.96 575.53 1.27 1.62 2.10 2.56 3.03  
4. Economics simulations
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